TUNGSTEN CARBIDE TOOLS 
PROSSER 


Abstract 


The great interest which has been aroused the 
development tungsten carbide the Krupp 
Works has resulted considerable discussion the freak 
“trick” results obtainable with these tools. this 
paper, the author confines himself principally descrip- 
tion some the results being obtained every day 
actual production and gives very definite and prac- 
tical advice the methods application, grinding and 

which should employed take full advantage 
the remarkable properties these tools. brief history 
the development cemented tungsten carbide. tools 
also given, with description some their charac- 


has been said and written regarding the sintered 
cemented tungsten carbide tool metals since this class mate- 
was first placed the market by. the Krupp Works about the 
end 1926 that practically everyone interested metal working 
has heard more less about this material and what will under 
test This paper will therefore devoted principally 
the practical application these tools actual shop work. 

The great hardness tungsten carbide itself has been known 
lor many years but its application metal cutting tools was ex- 
tremely limited, due its brittleness and porosity. Many cast com- 
positions have been tried, but all were brittle 


the great hardness this material, Krupp named their product which 
$a cor 


traction the words meaning “like 
paper presented before the Boston chapter the society, June, 1929. 


author, Roger Prosser; associated with the firm Thomas Prosser 
and Son, New York City.. 
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and far from homogeneous. became apparent that 
the possibility using tungsten carbide for cutting tools would 
depend upon increasing the toughness through special methods 
alloying and manufacture. Credit for the original discovery 
method improving the properties tungsten carbide through 
the use cobalt must given scientists the Osram Company 
Berlin. The metal produced was called and was 
considerably tougher than tungsten carbide itself, but which was 
still not all that could desired. was principally used for 
wire drawing dies. 

The Krupp Steel Works undertook extensive research their 
laboratories for tougher combination and one for 
metal cutting tools. These investigations 
development product which attained great toughness, the 
same time retaining the original hardness tungsten carbide 
remarkable degree. After leaving the laboratory, this revolutionary 
product was then tested for months actual production work before 
being placed the market Krupp commercial way. 

Arrangements have been made with Krupp whereby possible 
for several concerns manufacture similar products this country. 
The various products will, course, not identical, their prop- 
erties will depend upon the methods and compositions used. 


MANUFACTURE 


Cemented tungsten carbide not made pro- 
the form of-small pieces for use cutting edges for 
tools for any part having withstand wear abrasion. 
not cast but made forming the finely carefully 
mixed components the shape desired, under powerful hydraulic 
pressure. then sintered inert atmosphere great tempera- 
ture, resulting product which hard that its shape cannot 
changed the usual means. must ground special wheels 
developed for the purpose. The methods and purity the materials 
used and state pulverization greatly effect the resulting product, 
the finely divided pure tungsten carbide must evenly distributed 
throughout the cementing matrix cobalt. Fig. shows the struc- 
ture the cemented tungsten carbide compared with cast 
sten carbide composition (Fig. 2). 
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RESULTS OBTAINED 


practical man will more interested actual results 
history, and production records rather than test results 

One shop this manufactures automobile parts, 
has tooled-up every machine the the result, the 


Fig. Cutting Lathe Amounting Over 400 Impact 
per Minute Cutting Edge. 


tion the entire shop has been more than doubled, according the 
production has been accomplished without 
any new machinery and without 
Another instance speeding production the 
ture automobile transmission drum. With the best alloy 
steel previously available, this drum, which cast iron, cast 
permanent mold and very hard the surface, was machined 
cutting speed 190 feet per minute. With tungsten carbide tools this 
being done 592 feet per The. previous production time 
was seconds, whereas this now made seconds, 
practically four times fast before. addition, the 
after every drums machined, whereas the 


tungsten carbide tool only needed regrinding after every drums 


— 
every 
prece 


CARBIDE TOOLS 
Table 
Cutting Efficiency Various Tools 
Material Machined was Cast Iron 
Cutting Cutting 
Cubic Inches Time Betore 
Metal Removed Breakdown 
Per Minute Minutes 
Tool Steel 0.0032 
High Speed Steel 3.2 
Original 0.0205 
Cemented Tungsten 0.0286 16.5 


Total 
Metal Removed 
Pounds 
1.43 
13.4 
41.8 


127.6 


nge the new tools, and speeding the machines, 


“J 


very useful field for tungsten carbide tools machining the 


abrasive materials. 


j 


application this nature 
The job the fins from 


small aluminum die-castings, and the greatest number pieces which 


had ever been machined before the tool needed regrinding was 2500. 
tungsten carbide tool was put the job, and the last report had 
had never been out the machine, and the 


] 


edge was still condition, producing smooth finish 


manutacture bushings using tungsten 


carbide tools, the machines have been speeded five times the 


previous speeds, and where regrinding was formerly necessary after 


pieces, 


every pieces. 


now only necessary grind the new tools after 


machining cast iron test logs with tungsten carbide tool these 


diameter with two cast longitudinal slots 


Table 


Cutting Efficiency Various Tools 


Material Machined was Open-hearth Steel with Tensile 
80,000 Pounds Per Square Inch. Depth 
Inch. Inch 
Efficiency Cutting 
Cubic Inches Time Betore 
Metal Removed. Breakdown 
Per Minute Minutes 
Carbon Tool Steel 4.7 
High Speed Steel 0.0066 
0.0117 10.6 
Cemented Tungsten Carbide 0.0146 26.0 


Strength 


Total 


- Metal Removed 


Pounds 
3.86 


~ 


22.0 


wide and having Brinell hardness 220, are machined 


speed 655 feet per minute, with depth cut 0.59 
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754 TRANSACTIONS OF. THE 


inches, and feed .0.036 tool injured the 


intermittent service, which amounts over 400 impacts per 
the cutting edge, even when the cutting carried 
periods time. This operation shown Fig. 
Some other examples heavy work satisfactorily performed 
with tungsten carbide tools, under very good conditions, are 0.35 per 
200 


16¢ 


140 


Cutting Depth ata Constant Feed 


Fig. Showing the Output Obtained 
with Tungsten Carbide and High Speed Steel Tools 
When Machining Cast Ingot Hardness 
250 Brinell and with Double Interrupted Cut. 


cent carbon steel cut per minute, 0.2-inch cut, and 
inch feed, 200 feet per minute, 0.4-inch cut and 0.060-inch 


Chromium-nickel steel, 3.5 per cent nickel, 1.5 per cent 


having tensile strength 140,000 pounds per square inch, cut 
feet per minute, 0.16-inch cut, and 0.160-inch feed, 150 feet per 
minute, 0.4-inch cut and feed. Stainless steel, about 
per cent chromium and cut 115 feet per minute, 
0.20-inch cut, and 0.040-inch feed. Cast iron 220 Brinell 


280 feet per minute, 0.70-inch. cut, and 
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steel the per cent type being cut regularly 
feet per minute, cut, and 0.012-inch feed. 


few comparisons between cemented tungsten carbide and some 


cutting materials with respect cutting efficiencies and life 


results number tests with cast iron hardness which 


machined with carbon steel, high speed steel, original 


and tungsten carbide tools, until they required 


The same feed and depth cut were used for all tests. 
the results with open-hearth steel about 80,000 
per square inch tensile strength. These tests were made with 
uniform depth about 3/16 inch and feed 0.021 inch. 
interesting fact that the work remains comparatively 


when being machined high speeds with tungsten carbide tools, 


with consequent elimination distortion. 

\Vhile course necessary have increased power drive 
the machines higher speeds, when maintaining the same chip cross 
section, there decrease power required per pound-of metal re- 
moved. example, extensive tests the operation roughing 
steel about 85,000 pounds per square inch tensile 
inches long and inches diameter, the results were 


Table 


Turning Carbon Steel Shaft 
Tensile Strength 85,000 Pounds Per Square Inch 


With Highspeed With Tungsten 

Steel Carbide Tools 
Metal Removed per Hout 94.6 Pounds 160.8 Pounds 
Actual Cutting Time 23.8 Minutes 14.0 Minutes 
Floor Floor 44.6 Minutes Minutes 

Metal Removed 37.5 Pounds 37.5 Pounds 

Power Used per Shaft 1.58 Kilowatt Hours 1.20 Kilowatt Hours 
ver 


sed per Pound Metal Removed 0.0422 Kilowatt Hours 0.032 Kilowatt Hours 


Decrease Power Required with Tungsten Carbide Tools—24.2 Per Cent 


increased efficiency cemented tungsten carbide tools 
compared with the best high speed steel tools, when machining cast 
Brinell hardness, about inches diameter and 
with two interruptions, shown Fig. will seen that the 


increase power required. will also seen that 


rease efficiency tungsten carbide tools compared with 
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Chip Cross Section Cutting Speed 


Slate 

Hard Rubber and similar mater 

Artifical Ivory 

(according hardness) 

Porcelain 


Glass 


Chilled Castings (65-90 Snore 


Castings 
(tensile strength up to 64 ton 


400 


Brass 


Red Brass and Copper 


Light Alloys 


400°/, 


Cutting Spe 
Carbide 


ms. Comparisons are with the Best 


Tools 


high speed steel decreases the depth increased, 


Hold 


general principle “high speeds and light cuts”. 


Depth Cut (Inches) 0.08 0.16 
Greater Efficiency 
(Metal removed per 
Increased Power 
Consumption only 70% 


0.24 


0.32 


eds 


¢ 


400°/, 
500°/, 
300°/, 
\ \\ \ 
Tensile strength 
60 \\ + 100°/, 
Y 54 + 110° / 
29 ow « + 175°/, 
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Ditferent Shapes Cutting Tools, Taking 
the Same Feed and Depth 
hetter Distributed the Right Hand Tool than 
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TOP RAKE AS RECOMMENDED 
t FOR VARIOVE MATERIALS 


RAKE 


Good for Heavy Work. 


100 times recommended Table LV. 
Side rake of top of tool 12 ‘". 
Fig. Tool Angles for Planing Shaping 
For this Work Necessary Lift the Tool from the 
Work the Back Stroke Protect the Cutting 
the light some the figures given obvious that cutting 
are again advance machine tool design, and many the 
tool manufacturers here and abroad are busy designing 
which will able make full the possibilities 


tungsten carbide. 


: 
- 
: 
12°-15° 
Upper edge of tool shank : 
Wl, 
3 
: 


his classic treatise “On the Art 
ting Metals” published says: -high 
speeds tend far more than slow speeds toward producing minute and 
rapid vibrations all parts the machine, and these vibrations are 
opposed and absorbed having large masses metal support 
ing the cutting tool and the head tail for 
the purpose avoiding vibration and chatter machines that the 
high cutting speeds accompanying the high speed tools 


cases very great gain made merely speeding. machine 


designed for slow tools, this increase speed almost 


invariably produces corresponding increase the vibration chat 
ter, absorbing this, the lathes and machines design 
was then, and important developments machine tools are being 
made keep pace with the improvements cutting tools. 

the present time, however, every machine shop likely 
full good machines which are being run only portion theu 
full capacity, and where there plenty power such 
places the new tools can save money without the necessity 
ing new machine tools. 


PRACTICAL RECOMMENDATIONS FOR USE 


tiecessary emphasize strongly that many ideas connec 
tion with the use high speed must when 
tungsten carbide. not steel, and the process manutacture 
would indicate, has structure entirely different from steel, neces 
sitating different methods use. The men shop wish 
tungsten carbide tool and grind the same used with 
high speed steel and put service the toughest job the shop 
They expect the tool perform wonders, and quite often they are 
disappointed. necessary study each job carefully and work 
out the best possible conditions for tungsten carbide, the same time 
educating the men proper use the tools. 

Cemented tungsten carbide only about half strong 
speed steel, and the pressure the chip the surface 
the tool should correspondingly Jess than the maximum chip pres 
sure the surface high speed steel Ordinarily the pres 


sure high speed steel tool far from the 
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limiting being the cutting these cases, 
carbide tools can with the feed and depth 
and greatly increased cutting 
which can expected under the above conditions, when ‘machining 
materials and when the same feed and depth 
usual. This table based the best performance high 
with cemented tungsten carbide tools conditions are 
reasonably good, and will found good guide for ordinary 
figures can often greatly exceeded under 
Where the chip pressure the tool approaches the maximum 
with high nécessary make provision for 
proper reduction the pressure, desired speed produc 
tion replacing the high tools with tungsten carbide 
reduction-in pressure can accomplished using finer 
creased feed will often permit the use cutting 
shows the distribution chip pressure three 
tools, each taking the same depth cut and the same 
shows an-excellent form tool for heavy service, where the 
cutting edge enters the work angle about will 
impossible use this form tool, due the necessity 
roughing wherever possible. 
clearance angle the tool should kept within reasonable 
limits, that the cutting edge will properly supported the steel 
the shank. tool angles for machining various materials 
shown Table The tool angle refers the actual cutting 


Table 
Sultable Tool Angles for Use Various Materials 
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lip, and may the front side the tool, depending the 
direction which the tool is-to cut. 

shows the recommended angles for planing shaping 
service, necessary that the tool lifted from the work 
the return stroke, otherwise there danger breaking off the 
fine cutting edge. 

Due to.the high cost the tools, there tendency use 
tool small for the work. ‘This bad condition, and will 
found economical the long run purchase suitable 
for the job. usually means tool somewhat larger than satis 
factory high speed steel for the same work. Bits tipped with 
tungsten carbide for use tool holders are being made, but are 
for very light work, and wherever possible the tool 
holder should replaced with steel tool with brazed tungsten 
carbide tip. cost such tool only slightly greater. than that 
the bit, and the better results and longer life well warrant the dif 

Tungsten high speed material and its best application 
light feed better than light cut with heavy feed, the chip 
pressure distributed over longer cutting general the 
principle “high speeds and: light should ‘be borne mind 

concluded from the above that not possible 
use heavy feeds and cuts with tungsten carbide the con 
trary, possible, under proper conditions, take very heavy cuts, 
even when the cuts are interrupted. 

essential have plenty power, and maintain the speed 
the machine. Slowing the cut, chattering, 
are conditions avoided. “The. machine should not stopped 
with the tool the cut and the feed on. These conditions should 
observed regardless whether high tool tungsten 
carbide tool used, but they are especially important when using the 
latter. The tool should held short and firmly, and should sup 
ported near possible the cutting edge, avoiding the 
slotted tool post, and employing wherever possible solid 
block with strong set screws holding the tool place. 

For outside turning, the cutting edge the tool should sel 
per cent the diameter the work above 


general tungsten carbide tools are used dry, 
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CARBIDE TOOLS 


int being cases, however, especially 

cuts steel, the use soap water light cutting oil 

advantage, still further increase cutting 
the life the edge. 
BRAZING 

tools are usually furnished complete, ready for use. The 

ing operation requires care and improperly done will give the 
that the cutting metal fault, whereas reality the. 

ouble with the brazing. the not difficult, 
where the user fully understands the application tungsten 
carbide tools, perfectly possible for him have the brazing done 
his own shop, should desire. Several important points should 
ordinarily not used for shanks, often causes trouble 
the brazing. 

shank and tip should ground and cleaned that 
the tip flat on-the shank and makes close contact with its support. 
Copper should used for brazing, and the heating should done 
furnace with reducing atmosphere, 2100 degrees 
necessary protect the tungsten carbide from the direct 
material the high temperatures used flux, 
and should thoroughly melted the seat, which should 
scraped tip put place with piece copper and 
more borax top, and the whole replaced the furnace. When the 
has melted and the tip seems floating, the tool 
the furnace and the tip firmly pressed onto the shank. The tool 
then immediately placed powdered carbon for slow 
open torches are not advisable, but where necessary 

ize several tips the same shank, for small special tools, oxy- 
hydrogen torch can -be used advantage. Care should used 
have excess hydrogen, and the shank should thoroughly 


borax. Tinned copper wire used brazing medium. 


| 


sharp smooth edge essential for best results with tungsten 


tools, and this can only obtained with special 
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Sketched Fig. with Inserted Octagon Tungsten Carbide 


suitable for the purpose. The grinding can done about 
the same time high speed ‘steel, provided the special -wheels are 
used, running perfectly true. The grinding can done wet dry, 
but wet grinding recommended, plentiful supply water 
directly the part being ground, avoid overheating 
cooling. light pressure should used, for the same 
metal can cracked and rendered unfit for further use these 
structions are not observed. 


APPLICATIONS 


carbide being used successfully miany special ap- 
plications, and various new uses are constantly being 


When out any new applications, the characteristics the. 
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should taken into Very thin knife edges 

not Special forming tools can made, 

cate shapes should avoided, almost difficult grind 

these shapes tungsten carbide would grind them 
Solid milling cutters, saws, can many cases tip- 
with tungsten carbide but inserted teeth should used wherever 

possible. show several types tungsten carbide tipped 
have recently been coming more and more into use 

various operations the machine shop, such the 

and bronze bushings connecting rods, for machin- 
abrasive material such aluminum, bronze, and other 
When boring connecting with 
tools, possible use very high speed, producing 
exceptionally true bore and fine finish. rigid machines, 
from vibration and capable the high speeds, must course 


the diamond.tools, which from 2500 per min 
produced, due the ability the metal maintain its sharp cutting 
edge, with resulting free cutting and tearing The 
can also improved using tool shape which will have 
tendeney the work, the same done with diamond tools. 
ide Interrupted cuts, such encountered split bearings, can made 

without difficulty. The cost complete tungsten carbide boring 
course considerably less than that similar diamond 
are Splendid being had many cases with drills tipped 
with tungsten carbide, but too early yet predict whether 
den they are only recommended for work where high speed drills are 
The such drilling manganese steel and 
iron, very tough materials such stainless iron, and soft but abra 
like hard-rubber, bakelite, aluminum, ete. They should 


used only skilled workmen and with plenty lubricant. 


CONCLUSION 


ped. conclusion that tungsten carbide not 
the Where bad chattering unavoidable, where old loose 
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there may little advantage these tools. should 
the difference between cemented tungsten carbide 


the few simple recommendations for will 
perform splendidly, cutting costs, speeding 
remarkable degree, and performing jobs which have 
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SUGGESTED METHODS FOR REPORTING THE 
NITRIDED STEEL CASE 


Grorce 


acl 


Current reports research the hardness-depth 
the nitrided case are plotted random 
This hampers the rapid and comparison 

discussion, 

author feels that the nitriding committee the 
Soctety for Steel Treating the logical body 
develop for reporting the 

logical: starting for practice 
features may logically follow. The depth-hard 

characteristic plotted plain coordinates gives 
nisleading picture resistance the case. The 
seale greater proven accuracy would welcomed. 

appendix, the possible use the 

index based hardness alone and the utter neces 

for some. ductility case strongly 


ror HARDNESS AND 


one follows the literature which hard 
ness-depth characteristic ‘the nitrided case various steels, 
ention unavoidably focussed the fact that the various 

have widely ‘varying scales for plotting the results 


the American Society for Steel Treating TRANSACTIONS for 


paper presented before the Semi-Annual meeting the society held 
York City, Feb. and author, member the society, 
time connected with the Molybdenum America, 


January 27, 1930. 
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scales, the facts are obvious. The characteristic curves plotted 
are not taken from the TRANSACTIONS, but are those used 
this paper for illustration purposes. (No characteristic curves are 
shown the scleroscope hardness scale, because have applica 
ble scleroscope-brinell conversion table) (See Appendix No. 1). 

sons results various researches can made with much 
greater facility when method reporting 
With.the widespread research now way, seems while 


PURPOSE PAPER 

the purpose this paper to: 

Emphasize for the adoption uniform method 

Suggest detailed method for the purpose drawing out 
Propose merit index for weighing wear resistance, also 
the hope that discussion, something ‘widely acceptable may 
evolved. 

have adopted these suggestions our own 
work, after good many trials other plans, hold hard and 
brief for them, but are interested the broad adoption 
some uniform procedure. are prepared along any log! 
cal line that becomes widely our 
paper and the discussion which may shall pave the way 
for the Nitriding Committee the American Society for Steel Treat 
ing over the formulation Recommended Practice for 
porting the Nitrided Case. 


MEANING THE CHARACTERISTIC 


The purpose the hardness-depth characteristic, consciously 
unconsciously, usually convey some approach visual picture 
the wear-resistance the case-under investigation. Unfortunatel) 
picture misleading when, the all the graphs 
have seen, the characteristic plotted the usual plain cross sec 


tion paper. ‘The mind automatically pictures the area the graph 
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DEPTH MILLIMETERS DEPTH INCHES 


DEPTH INCHES DEPTH INCHES 


acteristics, 

general measure wear resistance, but this means that 
inch thick and 900 1000 Brinell hard credited with 
only twice the wear resistance layer the same thickness, but 
closer the core, and only 450 500 Brinell hard. beyond 
argument that graph plotted scale which gives the case 
unit wear resistance increasing some direct and progressive 
hardness, can made more representative the actual 
wear resistance than possible with graph plotted plain co- 


SCALE FOR 


know but one commercially available progressive scale, 
the logarithmic scale. offer defense for the detailed ac- 
curacy this for our purpose, and weleome 
scale which can shown approximate the truth better. The most 
that can claimed for the logarithmic scale that better than 
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the scale, and ‘that ready availability the form com 


mercial sémi-logarithmic paper makes thoroughly practical for our 
use. believe that the logarithmic scale, are suggesting its 
use, still somewhat the relative wear resistance the 
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600 
400 
300 
200 
100 
Fig. Hardness-Depth Character Fig. Hardness-Depth 


hard outer layers the nitrided case, for types wear which the 
nitrided case applicable. 

illustrate the difference the graphs hardness-depth char- 
acteristic, plotted plain and semi-logarithmic paper, show 
Figs. and will noted that the hardness scales these two 
Figs. are indicate the identical concrete 
100 The two steels chosen are hypothetical, wish 
this connection avoid all discussion the relative merits 
nitrided cases. 


INDEX FOR WEIGHING RELATIVE WEAR RESISTANCE 


wish derive for each these steels merit index which 
can become useful tool for approximating the relative wear resist- 
ing tendencies these steels for all applications. germane here 
call attention the fact that the wear steel 
ally believed some composite hardness and ductility. 
are unfortunate, this stage the nitriding development, 
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lar- 


king quantitative measure the ductility the nitrided case. 

are therefore forced base our suggested merit index hard 

This makes vitally important remember all times, 

hen using the merit index, that the utter brittleness indicated 

around the Vickers indentation completely under- 

the relation between the merit index and service performance. 
realized this somewhat discouraging situation; may pro 
ceed with the discussion leading towards merit index. 

There are, general, two classes application nitrided 
the wear standpoint. 

The class where there predetermined operating limit 
engine, Where only one two thousandths inch radial wear 
tolerated. 

class where the entire will worn away before re- 
placement will made. Rubbing chafing plates, applications 
where accumulated clearances can tolerated, fall into this class. 

perfectly clear that merit index, have any meaning, 
built around the limiting depth wear which can tolerated 

any and all applications. all scales for hardness plotting 
that the distance (measured inches) from the base line 
any given Brinell value, the measure the wear 
resistance the-given Brinell. have used zero Brinell the 
line the plain plotting, and 100 Brinell the base line the 
logarithmic because these values are practically dictated 
the demand for simple plotting operations the two classes 

The merit index for given limiting depth wear then the 
area inches) below the depth-hardness curve, and between 
the vertical limit lines zero depth and the given depth. This 


rue because this area represents the product the unit wear re- 


sistance multiplied the amount metal worn off, the operating 
limit. Figs. and show the cumulative areas for successive 
intercepts wear 0.0025 inch. Fig. show the cumulative 
ireas Figs. and e., the merit index each wear intercept, 
plotted against the depth.of wear they represent. These curves show 
‘merit index usable form. 
lig. brings out the difference between the and logarith- 
indexes more sharply than Fig. This Fig..shows the 
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merit index for steel 
merit.index for steel 

will that have suggested scale hardness 
above 1000 Brinell the logarithmic plotting. This due the 
rapidly increasing tendency for spalling hardnesses above this 
value, and to.our lack knowledge service wear resistance with 


Merit Index 


Depth Wear Limit Inches 
Depth Wear Limit Inches 


Index. Fig. 
Merit 
hardness above 1000 Brinell, but have left space the common 
standard 10-inch coordinate paper for later 
scale. 
this connection may worth while ultimately for the 
American Society for Steel Treating have special coordinate 
paper printed for reporting the nitrided case. this done 
consideration proportioning the graphs such manner 
that they may printed full size the American Society for Steel 
Treating TRANSACTIONS, thus avoiding the complication varying 
degrees reduction making the Then investigators will 
able compare published graphs their own results. 
GEOMETRIC HARDNESS SCALE 
order compare the logarithmic scale with some other pro- 
gressive scale, geometric scale was developed the basis the 
following assumptions. 
Unit wear resistance Brinell the same with the 


plain and logarithmic 
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1000-point Brinell indicate about five times the unit 
shows the hardness-depth characteristic 


ale, which works out with constant multiplier The 


10 


| w | w | > Ww 
3 400 t | 
Depth Inches Depth Inches 
Hardness-Depth Char Fig. Hardness Depth 
ristic acteristic, 


index developed before, the values being tabulated the top 
comparing these geometric merit index values with the cor- 
responding logarithmic values, see that within the limits accu- 
racy our assumptions, the two types index are practically equal 
throughout the entire depth case. course, the geometric index 
quite flexible. assigning lower value the 100 Brinell 
and increasing the constant multiplier accordingly, greater relative 
Wear resistance may attributed the harder portions the 
about half that Fig. and where the constant multi- 
plier very slightly over The ratio B/A lower than under 
the other assumptions, and shown Fig. 
tentatively, however, that until accumulate more. 
rvice data the wear resistance the nitrided case, the logarith- 
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mic merit index offers the most convenient method for comparing 
the wear resistance expectations various ductile nitrided 

also conclude that this logarithmic merit index enough 
closer the truth than the plain index and enough simpler than 
the geometric index warrant its serious consideration for general 
adoption. (If coordinate paper developed, the logarith- 
mic scale loses relative simplicity. 


ANALYSIS Fic. 
The analysis emphasizes some interesting 
which are acquainted. 


With zero case depth have zero merit index. 


This course not literal fact. What means that 


nitriding treatment adds hard case, the gain offset the cost 
and treatment zero. 

the standpoint wear resistance alone (neglecting 
crushing due ‘possible excessive local pressure) shallow case 
1000 Brinell just good deep case equal hardness, pro- 
the hard case the condemning wear tolerance. 
know commercial production where excessive time treat- 
ment employed secure average depth case more than ten 
times the depth the condemning wear tolerance. The only logical 
reason for this found the unexplained variation case. depth 
which encountered. Since long treatments tend 


produce more spalling tendency. than shorter ‘treatments, the gain 


somewhat doubtful. The demand for rapid and reliable commercial 


inspection methods obvious. (See Appendix No. for further 


analysis merit index graphs.) 


determination reliable merit index for steel and 
treatment very laborious procedure. begin with, reasonably 
consistent product essential before reliable index can derived. 
Then very essential realize that the index cannot worked 
out properly from the exploration one two specimens. 
mean anything worth while, must derived from the average 
number specimens. believe ten fairly consistent. specimens, 
each taken from different heat, rock bottom minimum number, 


and more and heats are desired. Furthermore 
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that index derived from the product given steel, and 
eatment one nitriding plant, does. not necessarily represent the 
roduct other plants that are giving the same steel treatment 
supposed identical. This leads the that 
efore plant has the right use index should derived from 
their own product. 
closing the discussion the proposed merit index neces- 
sary refer again the fact that this index based hardness 
lata indicating that persistent spalling around the Vickers indentation 


indicates case with inferior wear resistance, regardless of, 
perhaps should say spite of, hardness. 

experience leads the conviction that 900 case 
showing ‘spalling around the Vickers indentation will outwear 
Brinell case where spalling does occur. 


have groped after evaluation ductility which will 
more quantitative than now have. slight approach this may 
possibly found selective diamond indenters. has been definitely 
proven that the Rockwell C.diamond not nearly severe 
ing effect the Vickers diamond. ‘This what 
since plastic flow evenly distributed: around conical indenter, and 
localized with polygon pyramid indenter. seems probable that 
diamond points increasing tendency could 
developed. 

example, starting with sharp pointed cone the least se- 
vere, planes tangent the same cone could cut make 6-5-4 and 
sided pyramids. hardness evaluation need not worked out 
for the various pyramids, they being used solely for determining the 
spalling limit the case. greatly desired, however, that 
less clumsy method for the quantitative evaluation ductility 
made available. Possibly the use progressively increasing loads 
the Vickers machine may give very helpful indication the 
degree ductility. looks worthy sufficient research 
establish the value the procedure. The prime need today for 
evolving ideal merit index for the nitrided case 

hod for evaluating the degree ductility that part the case 


that worn away but need merit index today 
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and the absence ductility evaluation have made 
suggestion could evolve. (See Appendix No. for further dis- 
cussion 


CONCLUSIONS 


acteristic the nitrided case are plotted random scales. 

hampers the rapid and comparison the re- 
sults different reporters. 

desirable and practical uniform reporting, 

The suggestions this paper are tentative and are for the 
purpose starting discussion. 


The American Society for Steel Treating Nitriding 


mittee the logical body develop Practice for 
Reporting the Nitrided 

starting point for this Recommended Practice and other features may 
logically follow. 

7.. The depth-hardness characteristic plotted plain co- 
ordinates gives misleading picture the resistance the 
case. 

The use logarithmic scale and plain scale 

.No defense offered for the detail accuracy the loga- 
rithmic scale for hardness. 

10. practical scale greater proven accuracy would wel- 
comed. 

the appendix, the possible use the scleroscope, 
inspection tool, discussed. 

merit index for wear resistance suggested. 
merit index based hardness alone and the utter 
necessity for some ductility case strongly emphasized. 


Appendix No. 1—The Scleroscope 


Attention directed the second page the paper the lack 
scleroscope-brinell conversion table which applicable the 
nitrided case. doubt seriously whether possible develop 
conversion table which can used with worth while reliability 
the exploration the hardness-depth characteristic the nitrided 
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this early stage the nitriding development, 
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doubt based the confusion hardness and depth 
hich have found exaggerated thin cases much greater 
the scleroscope the Vickers and than would 
with the Firth hardometer equipped with 10- kilogram 
are not all certain that the scleroscope can dismissed 
from the whole nitriding 

a_research tool for groping toward absolute hardness the 
case (whatever that may are opposed 
But would foolish close our eyes the wide- 
spread use the scleroscope, particularly the smaller plants. 
only logical expect this use continue, and this fact imposes 
research responsibility define the proper scope the 
and calibrate its readings. may possible. capitalize the 
very confusion hardness and depth which occurs with the sclero- 
scope. 

have noted the practice insure proper 
average hardness and depth. But well known that even when 
this practice some pieces fall below the acceptable 
limits. 

The file test commercial use some plants 100 per 
cent test, each piece tested for hardness with file. This 

pass, with new file over 1000 Brinell case 
will dull the best file have been able find such extent that 
second pass the same spot the file will fail cut 
some hundreds Brinell below 1000. 

The best file will fail touch case 900 

only say 0.001 inch thick. 

may possible for thorough research calibrate the 
scleroscope sufficiently closely possible catch. defective 
cases say pins and similar parts where shallow, hard 
case all that the service requires. The suggested research may 
broaden the use the scleroscope inspection tool, beyond the 
random illustration believe such research well worth 


while. 
Appendix No. 2—Exploration Case for Very Small Wear 
Tolerance 
When the nitrided case being explored for applications where 
wear tolerance the customary taper grinding 


& 
7 
& 
re- 
4 
he 
ile 
3 
) 
42 
. 


used, must handled with unusual looking over the litera- 
point, have selected Fig. 23, page 159 
for. Oct. 1929. 
must make perfectly clear that are using this 
for purpose entirely different from that Mr. Sergeson’s mind. 
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1929, Fig. 23, Page 159. Merit 


Therefore there can thought the part anyone that 
criticism implied what follows. simply happens that two 
the characteristic curves form the best 
found the point wish emphasize. 

The two question are replotted with the proposed 
logarithmic-hardness scale, Fig. (In this graph have used 
the logarithmic scale the range above 1000 Brinell.) 
sume that selection made between these two steels for 


which will burnished after nitriding and which will into 


service where the condemning wear tolerance 0.001 inch. 


-merit index 

where the curve falls below 100 per.cent 3502 superior and where 


the curve lies above 100 per cent 3305 superior. will assume 
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that the depth-hardness characteristics Fig. are entirely 
Then the outer surface simply burnished with practi 
removal metal or, say, removal inch, see 
hat steel 3502 slightly superior. But 0.001 inch removed 
3305 the better product. see very clearly that grind 
off at-least inch quite essential for securing the 
service resident 3305, while 0.0025 should removed 


steel done then there question but what 


3502 the steel which will give the longest service (assuming equal 


luctility 

Coming now closer scrutiny char 

plotted Fig. must realize that the upper end 
taper ground surface extraordinarily determine 
where the flat ends and the taper begins. 

that the exploration the case, for the 
sive flat grinding rather than taper grinding. also essential 
this class investigation remember that when the outer nitrided 
layer softer than underlying layers, the Vickers, 
scope, and the Herbert pendulum credit the outer 
skin with higher hardness than actually 


Appendix No. 3—Straightening vs. Case Ductility 


have emphasized the need for means checking 


degree the nitrided yery important that 


tests made with the aim learning something about case ductil 


ity shall indicate truly the point which they are intended prove. 


4 


( 


operation which some observers believe indicates case ductility, 

ind essential call attention the error this 
The statement has been published that part can straight 


‘ned after nitriding without cracking the case, this proves that cer 


tain amount ductility the case. offer the fol 
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\ 


and stresses set ‘under the maximum de- 


lowing demonstration for the statement that entirely possible 


nitrided parts where small distortion has occurred even 
hough the outer layers the case possess absolutely ductility. 

shows the load and support points for the straightening 
Axial intercepts between the lines and 
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flection during the straightening 
cepts between. the line and.the line indicate the trye 
proportional limit the material all radial locations. knoy 
only inference that the hard outer layers case 
possess high proportional limit. This, however, logical 


Load 
Case 
Support 


Fig. vs. Case Ductility. 


inference and the basis our statement regarding the straighten 
ing nitrided piece with absolutely brittle surface layers. 
are attempting quantitative analysis since have 
information elasticity and the other physical charac- 
teristics the surface layers hard nitrided case. 
Analyzing the tension, right hand side Fig. 10, see that 
under the maximum straightening load, the material the range 
responds the straightening load its pure elastic character- 
because the stresses set are below the proportional 


Over the range the proportional limit the material 


and therefore plastic flow occurs this range during the straighten- 
ing operation. Over the range the action again elastic because 
the stressed below its always 
occurs straightening operations, where combined elastic and plastic 
flow occur, the bent beyond the straight condition 
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amount sufficient leave straight after the which 
ompanies the removal the external bending 

the bending load released, the range under 

release This release however does not extend 

except the neutral line tension force exists. 
however, where plastic flow has occurred, the 
reduced zero and will pass through zero into residual compres- 
sion. The shaded areas show general indication 
the distribution the residual tension 

when the. external bending forces have reached zero, the 
moment the residual tension forces the regions and must 
equal the the residual compression forces the region 
this being the condition course the case 
ductile, then greater degree straightening can effected 
without cracking the case than possible when the case lacks all 
ductility, but some small degree straightening can 
with entirely lacking the outer layers the 
fore the mere fact that nitrided piece can straightened, with 
out the case surface, sheds light all the 
ductility present absent the case 

way that know prove the existence case 
surface means bending operation, use thin 
specimens are nitrided with hard case clear through the 
body the specimen. have tried this rather crude 
strips about 0.020 inch thick where the Vickers indentation 
result bending. believe, however, that with very accurate 
devices set would have been detected. 

the operation straightening nitrided parts. the narrow range 
irom plastic flow under the influence tension dies down 
phenomena from These actions are inevitably accom 
panied heavy shear stresses the region the junction between 
the case and the core. there any inadequacy this critical 
junction, entirely possible for the straightening 
buried incipient rupture, which cannot detected any 

inspection method. This may then developed service 


result spalling off pieces practically total case thick- 
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steel the nitriding treatment may then blamed 


service failure which chargeable the straightening 

services where the corrosion’ resistance the nitrided 


resulting from the straightening operation. see from the shaded 


areas Fig. that there high local residual stress the surface 


Service Life Condemning Wear Limit 


Fig. 11—-Hardness Life. 


the piece. has proven very conclusively that 
steels studied. corrosion attacks stressed much more 
actively than does regions free from stress. Until the contrary 
proven logical. to. infer that parts which 
straightened after nitriding will have lowered corrosion resistance 
the surface areas which harbor residual stress. 

have serious doubt the propriety carrying out straight- 
ening operations number nitrided parts for vital and 
drastic service until success pretty definitely proven following, 
through satisfactory life, reasonable number such parts 
their specific service. Incidentally usually feasible proper 
design pretreatment foréstall the need for 
straightening, and this the safe and economic practice. 


Appendix No. 4—Hardness versus Wear Resistance 


While. know very little about wear phenomena, 
resistance. Fig. family hypothetical curves and 
one actual service result which illustrate the fact that for given 
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ice some degree hardness which will give satis: 
ory (assuming proper ductility). assume 
the service demands the scrapping some fixed. 
limit. curve represents different service. 
justify the general shape these curves. 


vertical Brinell hardness and the horizontal 


co-ordinate the length time required wear the part 


the condemning limit. The curve Fig. 11, represents 
the actual average service performance certain classes 
gears. The life scale for curve expressed years, 

\We know from tens thousands gears this service that 

500 Brinell hard will run for about ten years, while the life 
gear 350 Brinell hard this service only about two years. 
also Know that this curve must pass through 
points therefore approximate the curve. far 
shape concerned, the curve quite and 
all the justification need for the general shape curves 
and these. latter curves, however, the horizontal 
must regarded time the abstract rather than the specific 
scale employed for purpose practical illustration 
with 

the most severe service illustrated, which rep- 
resented curve find that all other services 
with zero hardness, will have zero life, which course 
immediate failure. 

step higher Brinell values the life grows, 
very slow until enter the range hardness nitrided 
Brinell have times the life found 200 
but the life still 900 Brinell, however, 
rather suddenly enter the. range satisfactory life. 

The other two curves show services where success 
attained 800 and 700 Brinell substantiates 
that wear resistance not direct line 
scale which may define the wear resistance the 
sharply can state its hardness. are forced the 
conclusion that the best can-hope for some approach toward 
wear resistance various nitrided cases. 
curves are course based upon the assumption that, 
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the hardness increases, the material retains degree 
which sufficient permit the capitalization the hardness 


‘terms wear resistance. know very closely what this 


essential degree ductility is, But see. what 
tendency creeps when the ductility inadequate 
the hardness reaches desirable illus 
trated the dotted line Fig. 11, which departs ful! 
line its knee. see that maximum service life 
920 further increase hardness the length 
service decreases. are entering now very indeterminate range. 
inference from the diamond, might conclude 
that the curve would ultimately change its direction the 
and become asymptotic infinite hardness. 

not profitable pursue this imaginary condition 
than note that are probably dealing with granular structure 
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there ground for the belief that arriving via the nitrid 


treatment some degree hardness probably peculiar each 
ination steel and treatment, there attack the 
the steel intergranular both, which 
12, and are replots curve Fig. 11, the 


departure the resulting curve from straight line measure 


the error the scales these three the 


ervice results this rather low range 


ogression the hardness scale too slow even 14. 


practical application -this method lies -in the 
service life data for nitrided parts, and from this 


data the deviation the suggested method the particular progres- 
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RECENT DEVELOPMENTS NORMALIZING 
SHEET STEEL 


LAWRENCE 


order, the mechanical, mechanical-metallurgical and 
metallurgical the continuous sheet nor- 
furnace. 

brings forth, concise statements, the advent 
the and the necessity for im- 
provements over prior art furnaces. 

The metallurgical improvements center them- 
selves around correctly constructed cooling chamber. 


INTRODUCTION 


chronological mechanical and metallurgical developments, 
involved the so-called. continuous normalizing thin-gaged, 
low carbon, deep drawing sheet steel, are, without doubt, worthy 
recording and recognition. ‘This heat treating process has revolution- 
ized the art producing severely drawn sheet ‘stampings with 
minimum amount breakage together with the maximum smooth 
surface. 

normalizing necessitates heating the steel 
point above its. upper critical temperature range slightly 
above which. range, the structure becomes obliterated 
and new and extremely fine structure grain 
structure, turn, retained allowed grow slightly depending 
the time and rate cooling. 

Five years ago this particular heat treatment. for low carbon 
sheet steel was still confined text books and possibly few labora- 
tory experiments. Certainly, commercial furnaces were 


that time produce practically this extremely fine-grained sheet. 


presented the Semi-Annual Meeting the society, New 
the society, metallurgist the Duraloy .Co.,. Pittsburgh. 
received December 14, 1929, 
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sure will said that five ago there were continuous 
annealing sheet furnaces but will conclusively shown that 
furnaces were quite inadequate for normalizing spite the 
act that they were the forerunner the present day continuous sheet 


furnaces. 
REASONS FOR NORMALIZING 


development continuous sheet normalizing can, 
obability, attributed the large potential demand for automo- 
lower production would satisfy this potential 
but was controlled, large part, the steel furnished 
the sheet and strip makers. 
steel used several ago for automobile bodies, fenders 

the like was the regular double box-annealed sheet. 
possessed inferior properties such drawability, surface, and 
considerable percentage failed the presses particularly when 
efforts were made enlarge and speed the mills 


attempted obtain part the tonnage previously supplied the 
aged, sheet manufacturers but this strip material .to the 
same box annealing process that used the sheet makers 
and was more successful than the sheet material had been because 
its properties were substantially those the sheet material. Mass 
production automobiles lower prices was thus controlled, 
large extent, the ability the sheet and. strip makers produce 
steel having improved properties which would permit larger presses 
ightly used, the speeding the presses, the deep drawing the 
steel which make possible form from piece 
previously made from two more pieces steel, and 
furnish steel with such properties that the surface could painted 
with less time and material than had previously been possible with 
sheets which had poor surfaces tended crack when drawn. 
This problem mass production automobiles has been solved 
the development the continuous sheet normalizing furnace and 
drawing automobile body sheets and presented quality and 
New never heretofore practically possible. satisfied demand 
nher 


body sheet produced this time, and has seemingly satis- 


the demands sheet consumers far quality concerned. 
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Momentarily, has held its own with strip-sheet producers but this 
short-lived strip producers are fast con- 
tinuous normalizing thus successfully ‘their con- 
tinuous methods hot rolling, pickling and cold rolling. 


ADVENT THE NORMALIZER 


previously mentioned, the first steps taken developing our 
present sheet normalizers was to. utilize existing sheet 
heating furnaces. Naturally, attention was the con- 
tinuous blue annealing sheet furnaces then extensive use. The 


majority between thirty and fifty feet 


length and sufficient width allow the widest sheet travel 
length-wise through it. The sheets travelled horizontal position 
supported: either fingers lugs attached chain which, 
turn, ran slotted hearth, they were supported cast iron 
disks mounted steel tubing extending 
across the furnace and bearings the 

These blue annealing furnaces were operated heat the 
low carbon sheet temperature about half way. between. its lower 
and upper critical temperature range approximately 1400 degrees 
with possible slightly higher temperature for very low 
sheets. The purpose this was only relieve 
strain and equiax the distorted grains but also introduce sufficient 
heat the mass the presence steam its surface could 
given uniform coating blue 


normalize instead anneal, the furnace temperatures 


raised several hundred degrees order induce into the sheet 
temperature exceeding its upper range which practically was 
degrees Naturally, this began complicate matters. 

veyed away tremendous amount the cast iron 
miserably, the side walls bulged thus cramping the shafts, bearings 
became overheated thus causing wheels cease rotating 
scratch the sheets, bricks spalled and spoiled the surface the nor- 
tnalized sheets, the conveying wheels fingers pitted 
the underside the sheets and caused their final rejection while 
excessive scaling the sheet took place was discharged 
the furnace into the open 


existed those portions the sheet which traveled over cold disk 
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the sheet made contact with this cold conveying 
one sheet could practically conveyed. time 
piling two more sheets-into pack form gave very nonuni 

heat Added this was poor control the firing 


with “cold spots” sections existing within the furnace. 


conveying mechanism for the most part was spaced too far apart and 


thin gage, dead soft sheets had habit dropping 
hearth doubling up, thus causing serious jams that necessitated 
shutting down the furnace and tearing out the side walls allow 

are but the major mechanical difficulties encountered when 
continuous blue annealing furnaces were drafted for use which 
they could never adaptable. They form sharp contrast 
present day continuous sheet normalizers but the surmounting 


these mechanical obstacles form but part this paper. 


first move made adapt these blue annealing 
alloy fingers disks for the cast iron, bring the conveying mechanism. 
closer together and the case roller disks, staggering the disks 
every other shaft that slight overlapping prevented greater 
extent the possibility sheets dropping the hearth especially 
the hottest section the furnace which was next the discharging 

better grade heat resisting and insulating brick 
tor the crown, roof and side walls which aided the retaining 
heat and allowed less spalling the brick. 

walls and the cramping. the mechanism, build these long 
each section being about five feet 
length. These sections comprise cast steel frame which holds the 
insulating asbestos and brick. The sections set the lower 
walls that the case roller type mechanism, half the 
the lower side wall and the other half this upper see 

frame. These sections are cemented together prevent heat 
and gas leakage. furnaces heat temperature 
Close 2000 degrees the furnace walls expand sectionally and 
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principally longitudinal direction thus preventing bulging which 
often occurs built furnace walls where the expansion 
multiplies very rapidly. Another advantage this sectional type 
that permits ready access the conveying mechanism for the 
removal defective shafts disks, the cleaning out scale which 
gradually accumulates the hearth and prevents loss time 
which can readily imagined these repairs had made 
solid wall furnace which must .be cooled temperature which 
allows men tear out the side walls work within. For some 
normalizers using roller mechanism the bearings 
which means tearing out bottom side walls below the conveyor shafts 
only. While this method has. its advantages, presents more lost 


motion and time than evident for-the sectional furnace. Further 


improvements the heating chamber have come about through the 
insulating the hearth. Insulated furnace hearths are not new 
themselves but apply this specific type furnace has 
presented new and novel feature which has meant great deal 
more sheet producers than might first suppose. 

For example, the earlier type sheet normalizer was 
was not necessary. Sheets, for instance, travelling over 
water-cooled mechanism allowed very little heat get the floor 


the furnace. Gradually, was found that from 


standpoint the sheet was getting nonuniform structure and insulated 
non-water cooled conveying mechanism was introduced both 
which are prime importance. However, while insulated and 
non-water cooled conveying mechanism prevented great extent 


‘this nonuniformity structure the which was now able 


penetrate point below the conveying mechanism 
carried away very rapidly through hearth, thus 
causing wide range temperatures exist above and below the 
To-overcome this mechanical defect the hearths. were insulated 
and with the continued use insulated and non-water cooled 


the temperatures above and below the conveying. mechanism more 


closely approached each other.. This development has meant 
deal because without it, could not have graduated from the nar- 


row continuous normalizers approximately inches width our 
present types ranging from 72.to 108 inches hearth width. Nor 
was this development made any too soon because sheets 
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and rolled more and more the wider widths these in- 
hearth: normalizing ‘furnaces were expanded 
handle sheets any width and length rolled the hot mills today. 
Naturally, with the advent conveyor 
rotating disks mounted insulated and non-water cooled sheaths 
possible overcome such disadvantages 
overheated bearings, water-cooled shafts, 
sheets from non-rotating shafts. With respect this latter men- 
improvement, this has been aided improved bevel gear 
drives utilizing continuous chain. 
While discussing insulated sheath type shafts, might added 
great deal trouble did and still existing that the insula- 
tion often leaked out. However, insulated shafts now ‘available, 
the manufacturers which state that insulation leakage impossi- 
le. Depending the fuel available not all users continuous 
can install non-water cooled shafts. The majority 
such furnaces, however, are dependent upon the insulated type 
shaft. 


MECHANICAL-METALLURGICAL 


mechanical sense the major portion the difficulties hav- 
heen overcome described, another class presents 

really neither mechanical nor metallurgical 
which influences both and has proven.to worthy recognition 
factor contributing the improved sheet normalizer. The first and 
the prevention scale accumulating the hearth 
the furnace. This scale comes from the steel carrier sheet which 
separates the sheets being normalized from the conveying mechanism. 
the scaly spots the mechanism ‘caused pitting 
the good sheet with which came contact. This was overcome 
using the steel carrier which discarded waster sheet from the 
through the furnace. The scale gradually accumulated the hearth 
the extent that the conveying mechanism often it, 
occasional shut downs the furnace order that the 
might cleaned out. This was siow and tedious job say 
hing the loss time. Scaly sheets aggravated the adherence 
scale the conveyor mechanism and once resorted means 
sheets from pitting, could not abandoned. The use 
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carriers necessitated more labor for their handling each 
the furnace and unnecessary high heat losses. 

These are mainly mechanical features but they tie with the 
metallurgical features that hearth covered with scale has often 
prevented the correct circulation gases and heat the under- 
side the material thus preventing uniformity. the anneal. 
offset this, additional heat was introduced which 
annealing particularly two more sheets were being 
pack form, the top sheet thus receiving more heat and 
not having the same structure the bottom the tem- 
per: ature overcome the presence aly he: not only 
fected the physical structure the but incidentally raised 
the temperature the furnace which has its disadvantages these 
high furnace temperatures for normalizing. 

temporarily get away from aly steel sheets, 
alloy companies have introduced 
sheets thin gage supplant this scaly steel arrier sheet. These 


sheets: of. not only outlast the steel arrier but there 


scaling and the uniformity heating maintained. 
nickel sheets show tendency not only evenly absorb and dissipate 
this heat very rapidly but absorption and 


the sheets which they carry are: more evenly heated 


badly scaled steel sheets, they would show arying heat transfers 
depending the While may seem that one 
“splitting hairs” this discussion this point means great deal 
the full-finished sheet maker who must present uniformly heat 
treated sheet make the difficult st: ampings that are demanded 
today. 

the present time steps are being taken that will 


the use the carrier sheet introducing means which 


the conveyor mechanism kept free scale. means are 
slowly and successfully being accomplished but the meantime, the 
thin chromium-nickel carrier sheet showing results that will neces- 
sitate drastic inge entirely eliminate its use. 


METALLURGICAL IMPROVEMENTS 


From metallurgical the majority improvements 


continuous sheet normalizer have taken place after the sheets 
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reached their normalizing temperature range which 
heating chamber. This heating cycle within the heating 
has remained practically unchanged the sheet 


and the rate depend largely the carbon 


ntent and the gage and size the sheets respectively all which 
commercially within close limits. 

Thus, from metallurgist’s viewpoint, the heating cycle well 


course, made with due allowances for soaking period which 
exists the heating any continuous sheet 


been discussed variable which depends hot mill 
ractice and, furthermore, upon the construction and operation the 
furnace. soaking period tends to.more evenly normalize and for 
this reason, constant factor our discussion. Having shown 
that mechanical engineers have partially overcome these objectionable 
mechanical features, let assume for the moment that the correct 
heating cycle maintained mechanically correct heating chamber 
also constant factor. 

This leaves only the cooling cycle which show our metal- 
improvements but this indeed sufficient because the major 
improvements this nature have been found depend largely 
the time, rate and manner cooling the sheets. The discussion 
heat treated continuous furnace presents sufficient problems. 
solutions that warrant more time and attention than this paper 
could adequately detail describe. 

sufficient, however, sake clearness and simplicity 
deseribe more less chronological metallurgical de-. 
velopments growing out this cooling cycle and note the 


they have had the resultant sheets. 


sheet normalizers, the beginning and for some little time, 
carried cooling sheets after reaching their normalizing 
temperatures, were discharged from the heating chamber into the 
open air sheet temperature ranging from 1550 1800 degrees 
has been stated, these sheets scaled very badly but 

considered necessary evil view the fact the quick 
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chill cooling the sheet was necessary set hold the fine 
grain structure characteristic this particular heat treatment. 
the sheet became quite stiff under this rapid cooling its subsequent 
processing usually involved box annealing 
which showed tendency relieve some this stiffness and hard- 
ness imparted it. 

However, the scaling became objectionable from 
point pickling losses and poor surface that makeshift covers were 
placed over short portion the runout These 
covers prevented some extent, the harsh scaling but sufficient air 
was present prevent absolute freedom scaling far free 
oxygen was concerned. rapid chilling the metal went 
unmolested. 

These. make-shift covers were incapable materially 
ing the metallurgical characteristics the metal and were used but 
very and quickly discarded useless 
standpoint. This point the development marks the beginning 
the advance metallurgical improvements. When the possibilities and 
ments were obtained for the first time. Some the 
features the cooling which enter into and affect the 
metallurgical changes are 

The wall which divided the heating chamber from this cooling 
chamber zone was sufficient restriction cause 
lowering sheet temperature that the fine grain structure was 
and, therefore, was found that the necessity discharg- 
ing into the open air could avoided. Some 
restricted passages which were elevatable and adjustable 
controlled the amount heat and products combustion that might 
pass from the heating into the cooling chambers. 

For the most part, commercial furnaces the type being de- 
scribed carried cooling cross sectional area equalled the 
cross sectional area the heating chamber and while they prevented 
some extent the presence free air oxygen, was not un- 
common for air suck back into the cooling chambers 
casionally raising objectionable This short period cool- 
ing under cooling zone prevented the extreme stiffening action 
noted prior furnaces and this slightly increased softness 


less time consumed the subsequent low temperature box anneal. 
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standpoint, this can explained that 


majority this stiffness due the particular structure the 


the form cementite 
iron 


The carbon the sheet com 
with fixed amount ferrite 
Depending the rapidity cooling 


atures, this assume 


from room tem- 


various allotropic forms 
the quick cool, would emulsified what 

bite pearlite. Now, the cooling. 
retarded after the crystals had 


known 
this sheet could 
been the sorbitic 


less semi- laminated condition 


cementite and ferrite the 


grains would 
This form presents softer 
relatively 


parate into layers. state 
formed under 
this, together with softer 


present resultant sheet. 


these conditions are 
sheets having such high 
softness because the cooling within the 
zers have atedly changed 
foster this slow 


one 
the for box- degree 


box fora prolonged period 


continuous sheet nor- 
rapidity 


must said this time, 
ever, that fine-grained sheet will never 


box-anne: aled sheets only 
area add its rigidity. 


commercially approach the 


for the more grains per given 


this discussion proceeds, the 
eliminating the box 


normalized sheets the pre 
dent and 


first, 


How 
possibility 


anneal nece ssary for 


sent time, will become more 
these short cooling zone 
rapid cooling the metal and 
were taken irge from the 


employed burners retard 
this was not resorted to, 


the steps’ 
cooling zone temperature just 
inge and thence pile heat bring 
action. certainly aided 
ening the sheets but the cooling 
the pack 
the center 


below the non- scaling 


has not been uniform for 


first cool arried the small 


the pack last cool, 
This unevenness 


outer 
grain 
showed slight 
grain size 


sheet has 
Sheet being drawn 


effect when the shape under the 


overcome this undesirable the sheets were caused 
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travel through the cooling chamber surrounded waste gases 
products from the heating chamber. This was ac- 
complished lowering the roof the cooling chamber close 
the sheets practically possible. This change not only further re- 
duced the scaling, but more uniformly retarded the rate cooling 
and allowed the desired softening action. 

Thus, the sheets are chilled sufficiently they pass under the 
restricted passage retain the grain size desired and from that 
point on, the cooling uniformly retarded, the result that 
relatively soft sheet finally obtained. the length 
this cooling chamber, the residual heat the sheet can utilized 
just done the box anneal and the longer the cooling chamber 
closer the approach the commercial range softness de- 
sired for this grade steel. The time and the rate which this 
cooled dependent many such as, the carbon 
content, type grain and size grain. however, sufficient 
say that these factors can regulated very nicely where the cooling 
rate allowed uniformly progress undisturbed under 
chamber the correct construction. 

With these features mind, the construction continuous 
sheet normalizer the present time increase and properly 
erect cooling chamber that the discharged sheet has shown uni- 
form cool and that the softening. action has taken place. 
this manner, the residual heat the sheet utilized bring about 
softening action without appreciably disturbing the ‘ain structure 
the sheets passed under the restricted passage. 

Not only have furnace lengths been scrutinized but the conveyor 
mechanism the up-to-date cooling zone has been constructed 
that secondary chilling action the sheet allowed take place. 
this respect, attention called earlier types normalizers, 
the majority whose cooling chamber utilized conveyor disks 
mounted directly water-cooled steel tubing. While necessary 
form manner and late designs include insulated shafts under the 
cooling zone. For the most part, insulated alloy shafts occupy that 
portion the cooling zone where the sheet scaling tempera- 
ture, the next step being the conveying insulated semi- -steel 


and finally, non-insulated steel shafts. The insulated semi-steel 
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Thus, the time and rate cooling has brought about uniform- 
grain which, turn, allows not only evenness drawing 
roperties but this uniformly retarded cooling has softened the sheet. 
the present time, the usual processing full-finished automobile 


sheet involves low temperature box anneal after normalizing 


order somewhat reduce the stiffness set this normalizing 


treatment.. very moment, more careful study cooling 


conditions are allowing great many grades normalized 
shipped the customer directly after this heat treatment be- 
cause the cooling cycle has been regulated that the sheet has suf- 
icient softness the work demanded the material. this 
subsequent box necessary, necessitates low temperature 
soak, the time the soak being fairly good proportion the 
length the cooling chamber. 

that statement meant that the normalized sheets cooled 
inder long cooling only short time, low temperature 
soak its subsequent box anneal, whereas normalized sheets more 
quickly cooled under short cooling zone require longer time low 
temperature soak its subsequent box annealing. 

The day not far distant when space will allowed for 
prolonged time and rate cooling from the normalizing the dis- 
charge temperatures that the resultant sheet will, the majority 
cases, not require any subsequent box anneal 


DISCUSSION 


continuous handling metals and annealing. wondering 
whether Mr. Lawrence could some idea the time cycle. course 
know how prolonged the old box method. Also perhaps Mr. Law- 
nce could something about temperature control, and the methods ob- 
ing it, the continuous normalizing. the brass industry have al- 

annealed truck loads. 


far continuous heat treating brass this type 


nace concerned, not know any such furnace present commer- 
operated sufficiently iow temperature for that particular grade 
terial. However, believé possible build furnace continuous 
anneal brass low temperature. far fuel concerned, the 
‘trical means heating probably present the best means getting heat 


prevent secondary chilling previously described and 
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into the brass sheet. But that problem that has worked out. far 
putting your finger the time cycle continuous normalizing 
treating steel sheets concerned, that hard do. For the most part, 
practically normalize low carbon steel sheet have heat 1700 degrees 
which not quite 100 degrees above critical temperature 
range. have shorten extend our soaking period according the 
hot mill practice. other words, some sheets are finished fairly hot and others 
fairly cold the hot mills which course induces different degrees strain 
the metal which must relieved. can normalize sheet 
those strains. That brings the factor period. The 
average furnace with its average tonnage around 140 150 tons 24- 
hour day would take around minutes for the heating cycle. 

With respect temperature control the normalizing furnaces using gas 
average and carry ‘either automatic temperature control zones. There 
are number furnaces using oil, but has not, thus far, been practical 
put automatic control the oil-fired type furnace. depends largely 
the operator who has from 60. burners watch. Hand control 
rather difficult oil furnace, but has proved the most satisfactory, 

Mr. Lawrence mentioned that some work was being: done 
with the removing waste sheets. wonder ‘would tell along what 
lines that work being carried out. 

LAwrence: feel that justice the men who have developed 
this thing, that the present time more less personal question. 
Various means have been tried out. One the most important means 
try conveyors varying chemical compositions, nickel and 
instance, see whether not that effects pitting. other words, will the 
scale the steel carrier sheet stick more straight chromium carrier 
mechanism high nickel piece conveyor mechanism. There have been 
various tried keeping the conveyor disk clean, justice the 
men who have developed them now divulge those means 
believe, however, that they will brought your attention shortly. 

Something might said for the “antiquated” method 
box annealing. Perhaps may seem that standing strange plat- 
form, upholding something least 400 years old, but you must remember that 
box annealing, being intermittent method, very well adapted the roll- 
ing methods used the manufacture sheet and tin plate. other words, 
sheet and tin plate one piece time discontinuous process. 
What, therefore, should more natural than that the various heat treatment 
processes should also discontinuous? fact, that just exactly what box 
annealing When you introduce continuous heat treating processes, such 
automatic normalizing furnaces, into old fashioned sheet mill, you are putting 
something continuous the midst number discontinuous operations. 
The very best place for continuous normalizing furnace would con- 
tinuous sheet strip mill. However, most the trouble connected with the 
Member Power Sales Dept., Detroit Edison Co., Detroit. 
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DISCUSSION 


ace, Mr. Lawrence stated; has with the problem handling small 
through long furnace. Would not logical way avoid those 
replace these units continuous Twenty-five years ago 
would have been out place because had means 
nomically doing it, but the present time know how connect the 
vidual sheets into long strip welding, stapling, clamping, riveting. 
that done and the joints are made with sufficient strength that the 
ets become continuous strip capable taking considerable strain, then 
handle the material through furnace having far fewer rollers 
rth, much the same way the narrower strip wire handled through 
lone furnace wire and spring industry. 
would one means getting around the mechanical handling 
vices which, the present time, are expensive and which are bound 
expensive long nickel and chromium sells for high figure. 

Lawrence: Yes, Mr. last remark regarding high alloy 
very One the big troubles with normalizing furnaces the 
initial cost the alloy. There tendency among furnace users to. get 
way much possible from the high initial cost, the major part which 

the alloy conveyor mechanism the present time. 

With regard welding the sheets together form continuous strip 

will say that the present time the sheet industry transition period 
outgrowth the competition the strip people who started the steel sheet 
people working more along increased lines production. They first introduced 
continuous furnace which not only sped production and output, but the 
same time produced quality sheet which satisfied the automobile people. 
far the continuous furnace concerned, might state that 
entirely possible fasten the sheets together but question the ultimate cost 
view present success with continuous normalizing single sheets. you 


( 


sheet that required box annealing, you could continuous fur- 
nace and get structure that would have been impossible 
box; furthermore, you could hours what would take days 

the box. chance cut days off production schedule important. 

reference Mr. Thum’s remarks regarding welding 
otherwise assembiing short sheets into continuous lengths for normalizing. The 
together sheets form this continuous strip, while 
stly both from the standpoint lost time and loss metal subsequent 


and would show outstanding advantage where roller type nor 
nalizers are concerned. one considers dragging the material through the 


must eliminated from such furnace. The majority continuous normal- 
izers sheet mills today must utilize conveyor mechanism that not only con- 
ute the uniformity heat the surface the sheet 


ll. the light the late developments heat treating full finished sheets, 


the opinion that progressive sheet manufacturer using 
processing will honestly state that box annealing the logical heat 
itment for his product and that continuous normalizing annealing fur- 
are out place present discontinuous processing equipment. 
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STUDY THE QUENCHING STEELS 
Part 


Abstract 


Part Two this paper relates some the sources 
variations the quenching steels and compari 
sons different coolants. given the dif 
fusivity the metal, the oxidation and smoothness the 
metal surfaces, the effects gases dissolved formed 
the coolant, coolant circulation, and coolant temperatures. 

critical cooling rates and depth hardening prop 
carbon steel are discussed and data given for the 
effects carbon content and grain size the McQuaid- 
carburizing test upon the heat treatment properties 
steels. 

addition considering the characteristics water, 
commonly used aqueous solutions, oils and air, some data 
are for special coolants, and brief discussion 
included the magnitude the differences between cen 
ter and surface temperatures the cooling spheres 
water, air. 


Chapter III 


SOME THE SOURCES VARIATION THE 
STEELS 


object quenching provide certain definite proper- 
steels, whether the steels are used quenched subse- 
quently tempered before being applied service. From practical 
viewpoint not enough produce these properties once but the 
conditions must chosen that the desired results will obtained 
repeatedly. Uniformity results depends equally upon uniformity 
heat and uniformity the metals under treat- 

was previously presented that the trend cooling 
some the customary liquids was not only not uniform from 
point the surface steel pieces but was probably the resultant 
rapid and repeated fluctuations temperature, often over rather 
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The practical significance this that there small 
securing good degree uniformity simple immersion 
heated steels motionless slow moving coolants with 
due regard the conditions obtaining the liquids. 

would appear necessary strive provide the conditions 
will promote uniformity. 

not difficult visualize how variations may introduced 
three main (1) from the metal itself, (2) from the 
reparation the metal for quenching (machining, heating for 

hardening, ete.) and (3) from the conditions immersion 
coolant. items can subdivided further but this would serve 


variables from the several main sources. 


the properties the metal itself which can expected 
the thermal conductivity divided the product the heat 
and 


changes are involved, the tends decrease the tem- 
perature and available data indicate that the 


values for different steels tend decrease. 


considerations with high diffusivity 


may expected lose heat somewhat more rapidly the center 
other interior points the body than steel with low diffusivity 
but its surface should lose heat about the same slower rate. 
other words, metal high diffusivity may conceived feed 
quickly the surface the heat which the interior and 
decrease the rate temperature change the surface. 
was indicated already, carbon steels different carbon con- 
tents probably not differ very widely diffusivity given tem- 
peratures. Copper has roughly ten times the diffusivity carbon 
steels atmospheric temperatures. While its surface conductivity 
trom that steels, comparison the surface and center 
rather 
ing curves copper and steel spheres offers means for develop- 
ing the magnitude the effects which may 
Ba- 


‘Landolt, Boernstein, Roth, Scheel, Physikalisch-Chemische Auflage, Vol. 
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Table 
Effect Surface Condition the Cooling the Surface of. Spheres 
Quenched Water' 
Condition Surface when Surface after Heated Air 
Quench and Quenched 
Samples 
Blued heating hr. 750 Heavily oxidized less Little difference 
weight) 
Held hr. open furnace Heavily oxidized. Little difference 
1605 degrees Fahr. (875 
legrees Cent.) before quench- 
ing 
Surface 
Heated furnace containing usual Slow, especially 350 
sawdust method. 600 degrees Cent. 
herent oxide. 
Heated illuminating Carbon deposit samples; Slow, possibly due to- carbon 
otherwise like samples heat- deposit surface 
bath, equal Very clean. brine quenching 
parts weight and 
Plated Specimens 
Nickel plated (approx. 0.001” Adherent scale. over 
coating ture range 


‘All samples quenched frem degrees Cent. (1605 degrees Fahr.) water 19-22 
degrees Cent. and moving feet per 


55, representing the cooling curves copper steel 
spheres, inches diameter, shows. the very much more rapid 
cooling the interior the copper body. the other hand, the 
surface the copper sphere cooled more slowly than that the 
steel sphere temperatures the neighborhood 150 degrees 
Cent. degrees Fahr.). The differences were not marked until 
temperatures around 500 degrees Cent. (930 degrees Fahr.) were 
reached when the surface copper sphere showed marked in- 
crease times. Crossing the surface curves about 
100 degrees Cent. (210 degrees Fahr.) may ascribed part the 
heat transformations the steel. 

The differences diffusivity commercial carbon and low alloy 
steels which are ordinarily hardened water quenching are only 
fraction the differences between steels and copper. 
variations the cooling curves such steels may expected 
small most will shown later such differences are 
much less important than variations which may introduced the 
manner which the quenching operation carried out. However, 
increase diffusivity the metal quenched should tend in- 
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Fie. and Center Cooling Curves Copper and 

Steel Spheres Inches Diameter When Quenched from 875 


Cent. (1605 Degrees Fahr,) Into Water Degrees 
Cent. (65 Degrees Coolant Motion Approximately Feet 
Per Second. 


crease the speed cooling center and decrease the sur- 


face the body. 
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SURFACE CONDITION THE METAL 
Oxidation 


Most the experiments relating surface cooling 
peated one more times the same samples without 
remove the adhering oxide from the previous heating and cooling. 
not invariably, the first cooling was somewhat 
than the second; third; succeeding coolings. However, 
some cases the most rapid cooling was observed the first time. 

Such variations might originate from one both fol- 
lowing causes; (1) Change thermal properties the steel resulting 

structural changes brought about the previous heating and 

cooling, (2) Variations the condition the surface the metal 

samples, especially with respect scale thickness and adherence 
the oxide the underlying metal. 

The comparisons copper and steel spheres, just cited, indi- 
cate that surface cooling should not affected appreciably 
changes which can normally expected the thermal prop- 
erties steels high temperatures. Practical experience indicates 
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Fig. Manner Heating the Surface .Cooling 
Curves 1-Inch Sphere Quenched from 875 Degrees Cent. 
(1605 Degrees Fahr.) Into Water Cent. (65 Degrees 
Moving About Feet Per Second. Test 1888—Steel 
Heated Air, Held Minutes 875 Degrees Cent. (1605 
Degrees Fahr.). Test 1936—Steel Heated Gas, 
Held Min. 875 Degrees Cent. (1605 Degrees Fahr.). Test 
1939—-Steel Heated Nitrogen, Minutes 875 Degrees 
Cent. (1605 Degrees Test 2049—Nickel Plated Steel, 
Heated Air, Held Minutes 875 Degrees Cent. (1605 
Degrees Fahr.). .Test 206—Steel Heated Muffle Containing 
Sawdust, held Minutes 875 Degrees Cent. (1605 -Degrees 
Fahr.). Test 2087—Blued Steel, Heated Air, Held 
875 Degrees Cent. (1605 Degrees Fahr.). Test 2088—Steel 
Heated Air, Held Hour 875 Degrees Cent. (1605 Degrees 
Fahr.). Test 2091—Steel Heated Salt Bath, for Min. 
Degrees Cent. 


that surface cooling can appreciably the 
the metal surfaces. 

Cooling curves were taken heavily oxidized sanyples -and 
samples heated minimize the oxidation the surfaces 


the spheres. Tests were also made nickel plated spheres 
results are summarized Table XIV and Figs. 56, 57, and 58. 


Several methods were used minimize oxidation heating. 


Samples were heated muffle containing sawdust, salt bath 
and atmospheres nitrogen illuminating gas. Heavily oxidized 
samples were prepared bluing potassium nitrate mixed with 
manganese dioxide and long heating the high temperatures 
before quenching. 

Although oxidation during was minimized the illum- 
inating gas and nitrogen atmospheres, should not assumed that 
the samples were clean and free from all oxide. Oxidation can take 
place during cooling water where the highly heated steel mo- 
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QUENCHING STEELS 


Fig. Effect Manner Heating the Surface Cooling 
Curves for 1-Inch Sphere Quenched from 875 Degrees Cent. 
(1605 Degrees Fahr.) Into No. Degrees Cent. (65 
Degrees Fahr.), Moving About Feet Per Second. Test 1919 
Steel Heated Air, Held Minutes 875 Degrees Cent. (1605 
Degrees Fahr.). Test 2112—Steel Heated Air, Held Hour 
Degrees Cent. (1605 Degrees Fahr.). (Note Adhering 
‘Scale.) Heated Air, Held Hour 875 
Degrees Cent. (1605 Degrees Fahr.). Test 2114—Nickel Plated 
Steel, Heated Air, Held Minutes 875 Degrees Cent. (1605 
Degrees Fahr.). Test 2115—Steel Heated Nitrogen, Held 
Minutes 875 Degrees Cent. (1605 Degrees Fahr.). 


mentarily contact with steam, gases originally solution, those 
resulting from the decomposition the coolant. Furthermore, the 
heated steels (except samples heated salt) were momentarily 
contact with air during transfer from the furnace the coolant. 
shows that the surface cooling water the heavily 
oxidized samples did not differ appreciably from that the sam- 
ples heated for the normal short period air. the other hand, 
the surface cooling the nickel plated spheres was somewhat slower 
than that the corresponding unplated samples, but the differences 
were small. The nickel was deposited the spheres subsequent 
welding the thermocouples the surface the steel and this 
may have had the effect placing the thermal junction enough be- 
low the surface contact with the coolant increase the recorded 
cooling times. However, should noted that the nickel oxide 
produced heating the samples remained more nearly intact and 
not easily detached from the underlying metal when immersed 
water iron oxide scale the unplated spheres. the 
predominating cause reduced speeds cooling the insulating 
effect complete envelope oxide, considered have low 
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thermal due loosely adherent scale which tends 
trap gases, then heavily oxidized samples slower 
cooling, both surface and center, than slightly oxidized samples, 
quenched coolants which not tend break the continuity 
the iron oxide. 


Center cooling curves for spheres quenched oil, which are 


reproduced Fig. 57, show this the case and when compared 
with photographs the quenched specimens, 58, furnish 
striking illustration possible effects of. adherent oxide. 
ample, samples 2112 and 2113, Fig. 58, were heated and quenched 
the 2112 the scale was left envelope around 
the sample, whereas the duplicate specimen, 2113, most the 
scale was broken off. cooling curves show that the 
sample with the scale envelope cooled very much more (test 
2112) than the (test 2113) which the scale was broken 
off the coolant. 


The differences Fig. are not all large 


the case mentioned, but there are wide variations the cooling 


which clearly indicate that the manner cooling may appreciably 
atfected the character the oxides the surfaces the pieces 

practical heat treatment such conditions reflected lack 
uniformity results and, depending upon the size and shape 
the parts and composition the steel under treatment, may make 
difficult secure the desired hardness. Such effects would 
most important sizes which only surface hardening can 


tained with the selected steels and coolants. However, lack 
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hardening generally the problem inter 
stresses and when the stresses, hardness and cooling curves can 
correlated conception will obtained the importance 
the the cooling curves. 

carbon deposit was obtained most the samples heated 
illuminating gas which decreased the speeds surface cooling 
obtained samples heated for short periods air and those heated 

ever, there was toward retarded cooling samples heated 

samples did not have heavy scale but showed evidence 
oxidation type which adhered tenaciously the underlying 
This substantiates the view that oxide retards the cooling 
only when adheres the oxidation 
good heavy adherent scale such might 
pected some alloy steels, tends retard cooling even 
quenching. which blown off gas evolution 
solutions, does not seem affect the cooling 
oxide coatings become more importance less drastic media 
Which the conditions tend preserve the continuity the 

The that actually blown off the surface the steel 
water and aqueous solutions can readily shown 
containing enlarged photographs motion picture taken 
through glass tank illustrate the features will 
that the action very much more violent per cent sodium 
hydroxide than ordinary tap water and wider 
distribution gas and turbulence. The photographs show one the 
which probably contribute the uniformity 
practice with sodium hydroxide solutions since their relatively violent 
action with hot steel tends compensate for 

One the interesting features shown and 
the comparison the water cooling samples heated 
those heated the salt bath. The latter cooled appreciably 
shorter time than the former and the quenched sphere was relatively 
clean and looked like steel which had been heated air and quenched 
per cent sodium The increased speed cooling 
samples heated the salt bath may ascribed the elimina- 
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Fig. Taken During Quenching %-Inch Diameter 2-Inch Steel 


Cylinder Quenched Motionless Water About Degrees Cent. (65 Degrees 
The Cylinder. Was Quenched 875 Degrees Cent. (1605 Degrees Fahr.). Compare 
Evolution Gas and Distance Traveled the Scale Blown Off the Specimen with 
Effects Sodium Hydroxide. 


tion scale in.the heating the solution the adhering salt 
the water adjacent the hot metal upon introduction into the 
coolant. The importance the latter effect indicated the fact 
that the cooling the surface the sample heated salt and 
quenched water was about the same that steel heated air 
and quenched per cent sodium calcium brines. 

Apart from possible oxide may affect the 
cooling two other ways. Oxidation frequently pits the surface 
and the irregularities may tend promote adherence gas. 
even when smooth, may differ its ability hold gas 
bubbles formed released the coolant during quenching. 

Some the seemingly obvious methods minimizing oxida- 
tion are not always effective that they may leave thin, adherent 
oxide coating the steel. This sometimes the result sealing 
the furnace doors exclude free inflow air. instead, the fur- 
nace vented, greater oxidation will take place but the scale will 
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‘ten become detached more readily when the heated metal 

the coolant and more uniform and effective hardening 
obtained. 
Such methods can satisfactory for metal which tem- 
pered and machined after treatment but cannot used effectively 
for some dies other parts which are used hard condition and 
must treated after The practices 
cases vary widely meet individual requirements and include heat- 
ing carbonaceous materials, the use molten metal molten salt 
regulation. furnace atmospheres, etc. Steel iron plates 
have been placed over the working portions dies, sometimes with 
interposed newspaper, which chars and does not burn under such 
conditions, all with the object maintaining effectively clean 


surface preparatory quenching. ‘The effectiveness the 


methods will depend upon the application and the care with 
which the work done, and frequently this matter controls the suc- 


the treatment. therefore frequently warrants the most de- 


tailed attention. 


Smoothness 


has already shown that the degree roughness 
surface may have effect upon the results obtained 
quenching through variations the adherence gas formed the 
coolant. Ground samples showed fewer soft spots than samples with 
surfaces roughened knurling. This was ascribed the stronger 
tendency for gas bubbles cling the roughened surface. 

Comparisons are given Figs. and the center and 
surface cooling smooth ground and spheres when 
quenched water and likewise oil. The spheres were knurled 

both oil and water. cooling was the 
roughened spheres than those which were ground. differ- 
ences were greater oil than water quenching and the latter 
case were larger for the surface than for the center. 

The effects observed water quenching were probably the re- 
sult steam more readily trapped the knurled surface; 


case the oil-quenched samples seemed probable that the rela- 


“General discussion paper Epstein and Rawdon: “Progress Study 
rmal and Abnormal American Society for Steel Treating, Vol. 12, 
é/, D. 413, 
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START 0.4 SEC. 
Taken During Quenching Diameter 2-Inch Steel 
Cylinder Quenched Per Cent The Cylinder was Quenched trom 


Degrees Note Particularly the Violent Action and the Distance Traveled 
the Seale Blown the Specimen, 


tively large differences were due the combined effects any 
trapped gas and adherent scale since the knurled spheres had nearly 
complete oxide envelope subsequent quenching. However, both 
water and oil the decreases speeds cooling resulting from the 
surface were sufficient magnitude that they could 
contribute important degree lack uniform hardening 


practice. 
Relation surface the oil used 


Discussion the effects oxidation and smoothness upon the 


cooling steel spheres will not dispose the matter the influence 


the surface conditions upon the cooling metals. the course 
experiments which small cylinders were quenched 
oils evidence that effects produced variations the 
condition the metal surface might different different 


other words, the relation between the metal surface and the cool- 


ant, 
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Center and Surface Cooling Curves Smooth Ground 
and Knurled Spheres Quenched from Cent 
Coolant Motion About Per Second 
ant, well variations the metal surface, may play part 
termining the manner cooling. 
cooling curves upon which the following discussion based 


were obtained the center cylinders diameter and 


inches long. The tests were made the result statement 
and that “certain oils low viscosity and low flash 
point may have their initial quenching speed materially increased 
adding thereto comparatively small proportion high flash 
point and high example, was stated that there 


Patent 1,535,379, April 28, 1925. 
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Fig. and Surface Cooling Curves Smooth Ground 
and Spheres Quenched from 875 Degrees Cent 


(1605 Degrees Fahr.) Into Oil Degrees Cent. (65 
Degrees Coolant Motion About Feet Per Second. 


having viscosity about 26.6 degrees Cent. (100 
degrees and flash point about 177 degrees Cent. (350 
degrees Fahr.), about parts heavy residuum oil derived from 
Pennsylvania crudes refined flash point 
about 327 degrees Cent. (620 degrees Fahr.) and viscosity about 
200 seconds 100 degrees Cent. (212 degrees was claimed 
that such mixture quench red hot steel: from about 815 de- 
grees Cent. (1500 degrees Fahr.) down about 650 degrees Cent. 
(1200 degrees Fahr.) half the time required any com- 
mercial quenching oil” which could found the market. 

The idea adding oil high viscosity one low vis 
cosity increase speed cooling is. probably contrary popular 
conceptions, although recognized that the speed 
cooling not solely viscosity. shown Fig. 
the speed cooling Pennsylvania pale neutral about 
100 seconds .viscosity (hereafter referred “pale 
was materially increased temperatures around 600 800 degrees 
Cent. (1110 1470 degrees Fahr.) the addition per cent 
Pennsylvania residuum oil about 3500 
(hereafter referred “residuum” oil). increases were 
observed with additions and per cent the residuum 
the pale neutral oil but the magnitude the effécts was some- 
what less than was claimed Rodman and Boren for their samples. 
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Table 
Comparisons Center Cooling when Quenching Diameter 2-inch 
Cylinders Different 


Seconds cool from 


600 degrees Cent 
(1470 to 1110 degrees Fahr.) 

Pale neutral plus per cent residuum 

Prepared (commercial) oil No. 


mples prepared from 0.95 per cent 


Table the magnitude these changes 
customary commercial quenching Item (1) pale 
neutral the pale neutral oil plus per cent volume 
the residuum oil, (3) commercial quenching oil and 

time the deseribed experiments were 

Similar results were obtained plated 
but the numerical values the cooling rates 
were all lower than the uncoated samples. While somewhat 
results were obtained corresponding experiments 
nickel plated cylinders, there was appreciable increase speed 
cooling produced the addition of, small proportions residuum oil 
the pale neutral oil. 

The results these experiments raise two questions what 
causes the increased speeds cooling for the cylin- 
ders produced quantities the heavy oil the 
light, and (2) why was the same increase cooling rate not 
coated with various metals such nickel and chromium. 

While some further work was done attempting find 
explanation, none can advanced with supporting evidence this 
any case, would seem that the answer both questions 
will involve the between the metallic surface and the coolant. 


known that the gas adhering the surface metal 
during quenching may appreciably change the manner cooling 
coolant. The result may general decrease the hard- 
the quenched steel the effects may localized that the 
not uniformly The soft spots such cases may 


Epstein and Rawdon: “Progress Study Normal and Abnormal 


\NSACTIONS, American Society for Steel Treating, Vol. 12, 1927, }). $37. 
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seconds 


the Center Cooling Steel Cylinders. See Text for Details These Experiments 


discolored and séem indicate reaction between the metal and the 
vas with which was contact. 


quenched into water containing different amounts and kinds gases, 
shows that the magnitude the dissolved gases may vary 
cases the passed through the water 
for considerable period produce saturation atmospheric tem 
peratures and pressures before quenching. 


The cooling curves obtained the 


boiled water, ashington city (tap) water and saturated with 


cooling was observed, particularly tempera 
tures the neighborhood 400 150 degrees Cent. (750 300 
Fahr.) water saturated with air but the greatest effects were 
obtained with water saturated with carbon dioxide. This gas 
soluble relatively large proportions water and the cooling was 
very much slower than that tap water the range 600 150 


grees Cent. (1110 300 degrees 


The fact that carbon dioxide. was the most the gases 
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SECONDS 


Water Quenching Steel Quenched 
from Degrees Cent. Fahr.); the Water was 
Feet Per -Second 


studied retarding the cooling may aseribed large part 


high solubility water. 

motion picture taken during the quenching sphere 
water saturated with carbon large evolution gas’ 
continués throughout the major portion the time 
with the observed sodium hydroxide solutions 
that many gas bubbles have adhered the surface the sphere 
produce the effects shown Figs. and 

The decrease speeds cooling not the only feature 
This shown both the char 
acter the cooling curves and the which 
were encountered reproducing respect the latter, 
should kept mind that the curves shown Fig. give 
what happens over only small spot the 
the reproducing such cooling curves re- 
conditions which probably obtain over the entire surface. 
uniformity one the principal difficulties which 
expected practical heat treatment when quenching con 


much dissolved gas. 
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Saturated with Carbon Dioxide Sphere was Quenched from 875 Degrees (16 
Degrees Into.Water About Degrees Cent. (65 Degrees Fahr.). Motion 
Coolant, Produced Rotation Tank, was About Feet Per Second. 
Release Gas and Pieces Seale Blown Off the 
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Fig. Manner Heating the Surface Cooling 


Curves Spheres Quenched trom 875 Degrees Cent. 
Into Water Saturated with Carbon Dioxide. Water 
Degrees Cent. (65 Degrees Fahr.), Coolant Motion 
About Feet Per Second. Test Heated Air, Held 


Plated Steel, Heated Air, Held Minutes 
Steel, Heated Held Minutes 875 Degrees Cent. (1605 
Degrees Fahr.). lest ISS8 tor Comparison, Represents Steel 


Neated in Air, Hleld 10 Minutes at &75 Degrees Cent. (1605 
Degrees and Quenched Into Tap Water. 
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character the metal surface may also play part the 
67, representing samples water saturated with 
carbon dioxide, the greatest retardation was obtained 
the samples heated the ordinary manner retardation, 
but equal instability, was observed the nickel plated spheres heated 
and the spheres blued prior heating air for 

probable that practical heat treatment the three 
oxidation, roughness surface and adhering gas formed re- 
leased from the coolant, hand hand and that the 
procuring the desired hardness often the result the combined 
these three. When neglected they may contribute largely 
and non-uniform under suitably controlled con- 
ditions the magnitude their effects may considerably decreased. 


Chapter 
COOLANT CIRCULATION 


RATES AND DIRECTION MOTION 


factor great practical importance the circulation the 
coolant its converse, the motion the sample with respect the 
considering this subject, attention should given not 
only the circulation subsequent immersion but also the flow 
around the steel being lowered within the This lat- 
has special significance the case small pieces immersed 
rapid coolants such water where the surface the sample may 
reach temperature 150 degrees Cent. (300 degrees even 
less the time that the sample being lowered within the bath. 

speed action different individuals hand his 
the average velocity specimens varied from about 3.5 
second for 20-inch travel. There was also 
finish, whereas gravity quenching the velocity varied 
close the moment release the piece from the tongs 
values the neighborhood feet per 

most the experiments with small specimens already de- 
gravity quenching method was employed for lowering 


Vol. 49, 1927, 1187, 


: 
ers, 
ART 
ree 
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DIRECTION SHOWN AND COOLANT MOTION 
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5 ~ 


TIME SECONDS 


Rotating Bath ‘Water Per Cent Sodium Cylinders 
Inches Long 0.95 Per Cent Carbon Steel. Temperatures Determined with 
Gage Thermocouple. 


the samples the bath location where the coolant was moving 
approximately feet per second. This method probably helped 
materially reproducing the quenching conditions but the samples 
are known not have cooled uniformly different parts 
countered water quenching cylinders diameter, and 
compare them with cooling per cent sodium hydroxide under 
corresponding 


For convenience, the area which meets the direct flow 
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Table 
Hardness the Surface 0.95 Per Cent Steel Cylinders Different 
Points Around the Circumference when Cooled Shown Fig. 


Specimen and Average Rockwell Hardness Seale) 

12048 59.5 57.5 

12047 57.4 54.0 54.4 

58.0 46.3 
48.5 

13001 63.7 63.0 

\verage 56.2 


about hatdness tests, 


(position wall the front, the area op- 
posite this (position the back, and the areas between these two, 
positions 2), the sides. 

water the back cooled much 
the front and is, perhaps, expected from the man- 
ner the liquid conceived flow around the cylinders 
under the motion the coolant used the experiments. 
‘sides represent transition areas from the zone most rapid 
cooling the zone slowest cooling and the manner cooling of. 
the sides may expected vary depending upon the exact 
encountered. the case recorded the sides and 
cooled much the same manner but duplicating the ex- 
perunents slow cooling the sides was sometimes 

magnitude the differences between front and back posi- 
shown the fact that the front dropped 200 degrees Cent. 
degrees about seconds water while the back re- 
about seconds reach the same temperature. was 
longer than was required. when quenching motionless water. 

When translated into terms practical heat treatment these 
in. the surface cooling curves may mean variations the 
hardness the quenched ‘the hardness 
around the were observed even the small cylinders 
per cent carbon steel used the experiments. shown 
NVI, the back was generally somewhat lower hardness and 
showed more “soft spots” than the front. The sides varied, some- 
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times they approached the hardness the front and other times 


hardness the back. some cases uniform hardness was 


tained all over the surface but indicated many the hardness 


tests and the cooling curves the manner circulating the 


coolant was not adequate produce uniform product 


when quenching 

different situation was found when quenching per cent 
sodium shown Fig. 68, the cooling was quite 
uniform from point point around the Under the 
conditions the experiments, coolant circulation was much less 
portant the sodium hydroxide than the water. 

evident from these results sodium hydroxide better 
able than water make for deficiencies circulation but that 
adequate produce the desired hardening the point 
slowest cooling essential securing uniform results. More rapid 
flow the coolant one point may not sufficient; the flow must 
regulated over the entire surface. 

illustrates the ease with which the cooling may re- 
tarded “pockets” slowly moving liquid and the 
reason why the so-called “figure quench advantageous. 
Linear motion the specimen, the coolant, will tend leave 
slow flow and often result “soft spots,” whereas 
the path the specimen follows figure each point the surface 
will “wiped” the coolant least part the cooling 
time and the chances securing uniform hardening all over will 
enhanced appreciably. 

There several ways preventing these “soft 
spots” which are due directly deficiencies circulation. One ob- 


vious method provide adequate circulation, another select 


coolants which, without appreciable motion, will provide cooling rates 
excess the requirements. Both aim provide faster cooling 
that there will safety 


coolants which will give cooling rates well above those required 
the steel, there can substitute for which pro- 
vides uniformity from point point the surface steels during 
quenching. The reason for this will become apparent when 


called that the hardening transformations are accompanied 


changes which leave the quenched steels state the 
cooling not uniform the time which the volume changes 
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will vary from one area another and this increase 
much the trouble with the cracking steels quenching 
lack uniformly rapid.cooling rather than rapid cooling 
one. reference will made this matter the dis- 
cussion hot aqueous solutions. 
Many methods have been employed meet the varied industrial 
requirements rapid cooling and record even small 
these would instructive and useful; However, more 
aspect this matter appreciation the principles 
for then the can worked out for individual 
Uniform cooling requires uniform the liquid past 
positions the surface the metal ordinary 
employed quenching the rate. flow must sufficiently 
high remove the gases released from formed the coolant 
the heated metal surfaces and preferably also minimize the 
mation release.of gases making more the liquid pass given 
point per unit time. shows that linear flow the liquid 
does not approach the ideal conditions closely, although this method 
may satisfactory few cases. Quenching baths which 
only with inlet and outlet pipes are not de- 
signed those systems which impart complex swirling motion 
the coolant. 
baths are provided only with inlet and outlet pipes 
special circulating system desirable impart vigorous and 
irregular motion the sample the conditions will allow, especially 


One the methods obtaining uniformly cool- 


the use water sprays. Very large strength 
can obtained low carbon steels, which not harden appreciably 


ordinary water bath quenching, heating the steel high tem- 


peratures quenching high pressure water 


+ 


nade application this method quenching, and has been 
regularly produce bolts showing tensile strengths over 
pounds per square inch with high values reduction 


Smith: Tensile Strengths with Low Proceedings. 
\merican Society for Testing Materials, Vol. 24, part 618 (1924) also 
Low -Carbon American Society for Steel 
reating, Vol. No. 569 
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Fig. Sketch the Equipment Used High Pressure Water Spray 


area steels containing only 0.15 per cent carbon. 


illustration the pressure spray quenching 


low carbon iron alloys there are grouped XX, 


the results laboratory per cent carbon 
per cent steels, American ingot iron iron. 
Izod impact test results are given addition the tensile properties 
and some cases comparisons are given between the results pres 
sure spray quenching water and quenching bath containing 
per cent sodium hydroxide. 

Specimens for the tensile and Izod impact tests were in- 
troduced into the quenching chamber after the spray had been turned 
under the designated line pressures. Specimens the 
cooling curves were first introduced into the chamber and then sud- 
denly subjected the full line pressure means the quick 
ing valve (Fig. 69); the line pressure then quickly dropped the 

values recorded the individual cases. This latter procedure re- 
variable but short interval slow cooling temperatures 
just below those which the steels were quenched. and 
71). This did not affect the comparisons view and eliminated cer- 
tain difficulties experienced when introducing specimens 
spray already under line pressures. 

shown Table XVIII, the pressure spray. quenching 


the steel containing 0.25 per cent carbon regularly produced tensile 


strengths over 190,000 pounds per square inch but the steel was 
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Cooling Curves 1-Inch Spheres 


1000 
| 
400 
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LBS. PER 


| 


TIME SECONDS 


Water Spray Under Different 


and Sodium Hydroxide Baths, with Coolant Motion 
Feet Per Second, Given for Coolant Temperatures, 


Degrees Cent. (65 Degrees Fahr.). 


impact numbers. 


juite brittle and showed low ductility tests and low 


Ordinary water bath quenching steel containing 0.07 per cent 


carbon raised the tensile strength from around 47,000 


uare inch 67,000 pounds per 


Pressure 


spray 


raised the strength still further 
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PRESSURE CENTER COOLING RATE 720°C 
LB. PER 5@. inch PCORECS C PER SECOND 


Some the Characteristics the Cooling 


Spheres Quenched Water Spray Under Different 
Pressures and the Relations Cooling 
Strengths Low Carbon Steels. 


110,000 pounds per square inch.. strengths were 
also obtained the American ingot iron and wrought iron but the 
increases were smaller magnitude (Tables XIX and XX). 

the case the ingot iron and wrought iron, 
containing per cent sodium hydroxide 


quenching water but there appeared ‘to difference the im- 

cooling curves taken both center and surface 
spheres immersed the water sprays are reproduced 
and while the relation between center cooling rates and 
tensile strength low carbon steels given 72. 

the variable initial periods, associated with difficulties 
troducing the spheres into the pressure quench chamber, 
lected, seen that the speed center cooling much 
higher with pressure spray quenching than with water bath quench- 
ing and increased generally with the line pressure. 

This might lead the conclusion that the surface cooling speeds 
were also much higher than water bath quenching but examination 
and shows that the cooling rates the neighborhood 
700 degrees Cent. were not higher until the highest line pressure 
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pounds per square inch) was the other hand, the 
range over which rapid cooling observed was extended 
bath. quenching. continued rapid cooling low temper 
atures means. larger temperature gradients center 
and the maintenance large gradients over greater range center 
than the case the water bath. This should reduce 
the center cooling times and the center cooling speeds 

has been pointed out, rapid cooling continued some 
what lower temperatures cent sodium hydroxide than 
the case the pressure spray and through the increased speeds 
cooling the interior the body produced the high strengths shown 
the cooling rates since with increase from 110 
pounds per square inch water line pressure the cooling 
creased the center and the cooling times decreased the 
changes the strength both the 0.07 per cent carbon and 0.25 per 
cent carbon steels were very small. 

sprays, whether under relatively high moderate pres 
provide one the most effective available means 
curing uniformly rapid cooling. This not due solely the volume 
liquid employed but upon the manner which the 
brought into contact with the heated steel. With properly 
designed sprays the impingement relatively large number 
break up, mechanically, the continuity any gas films which tend 
and the same time provide effective contact with more liquid 
per other words sprays may conceived 


make more given volume liquid the. useful work 
cooling, 

sprays improved circulation quenching baths are 
much better methods for increasing the speeds cooling, when such 
are desired, than the quenching temperature. The 
latter procedure frequently produces sufficient grain 
reduce the notch toughness the quenched steels and hence not 
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method use, even though may useful individual cases. 
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Chapter 
COOLANT TEMPERATURES 
commonly used liquids are known least general way, but 
number still require elucidation, practical 
more complete knowledge this subject becomes apparent when 
realized that much quenching done baths limited capacity 
may also not have well designed circulating systems 
and that with such conditions the average temperature the hath 
rise the quenching parts proceeds, 
hydroxide and per cent sodium chloride solutions temper 
atures between and approximately 100 degrees Cent. Data for 
the oil are given 
solutions, given degrees The practice employed was 
heat the bath degrees Cent., the source heat, 
and transter the tank the heated the quenching 
apparatus previously observations with the 
was assumed that the average temperature drop handling 
aqueous solutions was degree and the 
temperature, 99.5 degrees Cent., merely indicates that the coolant 
temperature was slightly. below the boiling: point water. 
73, 74, 75, and show the temperature 
lowered the cooling rates and increased the cooling times 
and the two aqueous solutions while opposite effects were produced 
the center cooling the two The changes were small the 
oils throughout the entire studied, (20 100 
Cent.) and were not marked between and degrees 
Cent. the and aqueous solutions between and 99.5 
the changes cooling times with increase the 
coolant temperature were smaller per cent sodium hydroxide 
than per cent sodium chloride and, with the exception 
chloride than tap water 76). 


The fact that temperature increase the coolant affects the 
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Center Cooling Curves 0.96 Per Cent Steel 


per cent sodium hydroxide somewhat less than water 
sodium hydroxide solutions. quenching operations, the liquid 
adjacent the heated steel raised temperature even though 
momentarily contact with the heated metal least 
part the cooling the steel through with 
heated liquid and the vapors formed by, released 

liquids which normally speeds with -rise 
temperature, small temperature effect, sodium: hydrox 
ide, tendency maintain rapid cooling well ability 
compensate for deficiencies circulation which usually tend raise 
the effective temperature the quenching this view 


the per cent sodium hydroxide more desirable coolant 


and show that the center cooling specimens im- 
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FIME SECONDS 


Cooling Curves 0.96 Per Cent Carbon. Steel Cylinders Quenche 
Motion was Feet per Second; Cylinders were Inch Diameter 


Curve the Average Two Three Tests Point Meeting the Direct 


water degrees degrees Cent. was somewhat 


more rapid low temperatures around 200 300 degrees Cent.. 
570 degrees Fahr.) than high temperatures around 700 
tion was observed per cent sodium hydroxide 99.5 degrees 
Cent. but not degrees Cent. nor sodium chloride 
99.5 degrees the last three cases, the cooling rates 
were quite regular throughout the temperature range, 850 
degrees Cent. (1500 390 degrees general, these center 
cooling characteristics were the conditions the 
although the surface cooling became somewhat more irregular 
the temperature the aqueous solutions approached the boiling 

Rapid cooling the steel specimens low temperatures. 
water and the hot aqueous solutions well recognized and usuall) 
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without cracking temperatures around 300 degrees Cent. (570 
degrees and relieve the stresses the 
However, difficult see how the rapid cooling hot water 
itself, cause great difficulty since the cooling rates are less 
than those obtaining cold water, cold brines and sodium hydroxide 
solutions which such are not enough 
hibit their use practical heat seems more probable 
the danger cracking hot water quenching is. due lack 
uniform conditions over the surface the steel 
shown the original records the cooling curves, but 


this situation was obtained watching listening 


the actual quenching operation. 
the initial temperature the water bath some- 


what less heat must taken from the steel steam, and 
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Table 
Comparisons Hot Water Hot Aqueous Solutions with Oils 
Temperatures Cooling High Carbon Steel Cylinders from 875 Degrees Cent. 
(1005 Degrees Fahr.) 


Approximate time, seconds, cool from 
(1605°F) designated temperature (1) 


Center 

‘No. 1 at 20°C 2.9 4.9 15.6 28.8 


Surface 
Water’ at .20°C 


0.02 0.07 0.12 0.21 0.38 1.2 


(1) Heat effects 


not unreasonable assume that more steam Come contact 
with,-or become attached to, the surfaces the metal given 
time. has already been shown such conditions promote non-uni- 


form cooling ‘since the action the contact surfaces between the’ 
metal and the theit products, probably 


marily rapidly repeated cycles steam generation, momentary 
attachment steam the metal surface and 

any case, hot water temperatures the neighborhood 
100 degrees Cent. not good quenching medium under or- 
dinary conditions. somewhat slower cooling desired than 


secured water Cent. and the oils are too slow, 


possibilities may found hot brines and, more particularly, 
the hot sodium hydroxide solutions. The center cooling curves were 
generally smooth, without abrupt changes direction, for water 
degrees Cent. and per cent sodium hydroxide de- 
Cent. Also cooling times the hot sodium hy- 
solutions which were between water and oils ‘ordinary 

examining the data Table should kept mind 


that the cooling curves obtained aqueous. solutions have 
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Fig. Center and Surface Cooling Times and 
This Summary of.the Curyes Shown Figs. 73, and 


what different form than those the oils, and for this reason short 
cooling times high are not necessarily concomitant 
with. short cooling times temperatures. The cooling low 
temperatures oils slower than that aqueous solu- 
tions shown Figs. 73, and 75, and Table and the 
temperature the coolant which may give the desired results will 
depend upon the steel under treatment, its size and shape, ete. 


The effects temperature the coolant the hardness and 
structures produced inch diameter 2-inch cylinders 0.96 
per cent carbon steel are shown, together with cooling times, Figs. 
inclusive. Fig. contains direct comparisons the Rock- 
well hardness produced quenching the different liquids differ- 
ent temperatures. 

fully hardened 0.96 per cent carbon steel, having marten- 
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sitic structure free from readily detectable areas troostite, had 
Rockwell seale hardness hardness was not 
attained surface center when the steel was quenched either 
the two oils, but was obtained the center with water 
grees Cent., per cent sodium chloride degrees Cent. and 
per cent sodium hydroxide degrees Cent. (Fig. With 
increase above the designated temperatures the hardness dropped ap- 
preciably and rapidly. 

While water degrees Cent., per cent sodium chloride 
degrees Cent. and per cent sodium hydroxide degrees Cent. 
produced Rockwell hardness equivalent that obtained from the 
same coolants temperatures, there were appreciable 
differences the structures the quenched general, the 
temperature the coolant was increased, the structure changed from 
(plus austenite) martensite with increasing amounts 
primary troostite and finally troosto-sorbite with 
some evidence lamellar pearlite. 

has been indicated already the effects temperature the 
coolant the cooling the steels quenched oils were small but 
opposite the effects observed water and the aqueous solutions. 
The cooling was slightly. faster the No. oil 100 degrees Cent. 
than degrees Cent. (Figs. and 74) and this was confirmed 
the hardness tests reported Fig. similar result was shown 
the No. oil (Fig. 81) but the changes were somewhat smaller. 
However, not all increased speeds cooling with increase 


the two cases cited. 


GRADED COOLING SPEEDS 


day hardening practice based quite largely upon the 
use oils, water and the more raptd aqueous solutions such 
sodium chloride brines, sodium hydroxide solutions, and water sprays 
ordinary temperatures. There large gap between the cooling 
rates obtained the customary quenching oils and water, and 
this now usually taken care subsequent hard- 
ening interrupted quenching. Such procedure entirely satis- 


-factory tor many practical purposes, but simplification and economy 


and possibly also technical advantages would result coolants were 


American Society Mechanical Engineers, Vol. 36, 1914, 


' 
1S, 


TIME SECONDS REQUIRED 
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Fig. Cooling Times and Structure at, the Center and 
0.96 Per Cent Carbon Steel Cylinders Quenched from 875 Degrees Cent. (1605 
Degrees Fahr.) Per Sodium Hydroxide Different Temperatures. 
Coolant Motion Feet per Second; Cylinders Inch Diameter 
Long. Microstructures Originally 500, Reduced Per Cent 
Samples Etched Per Cent Acid Alcohol. Where Surface Structures 
Resembled Those the Center Only the Latter are Given. 
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Table XXII 
List Liquids Given Order Decrease Cooling Speeds 
Cooling time from 875° 
200°C (1) in seconds for 


Liquid and Temperature Surface Center 


MORE RAPID THAN WATER 


NaOH 20°C 0.3.1 7.8 
RATES BETWEEN WATER OILS 
RATES CLOSE OILS 
(1) For 0.96 per cent cylinders inch diameter inches long: 


liquid moving ft. per second. 


available provide more closely graded set cooling character- 
istics. 


The practical solution this problem not solely one ob- 


taining certain prescribed cooling rates since general availability and 


cost, permanence, safety from the standpoint the operators, prop- 


erties affecting adherence the quenched turn af- 
fect the losses from the bath and cleaning costs, well other fac- 
tors, should given consideration. Nevertheless, one the princi- 
pal requirements meeting certain prescribed cooling rates. 


The liquids discussed this chapter offer graded set cool- 


ing rates from those water and the more rapid aqueous solutions 


atmospheric temperatures those the customary oils and this 


respect they are interest although only some would classed 


good useful coolants from the viewpoint practical heat treat- 
ment. 

The most promising group, selected from the liquids considered, 
are given Table order decrease the speeds, in- 
crease the times, cooling. The order given correct insofar 


the hardness, structures and center cooling times from 875 200 


grees Cent. (1605 390 degrees Fahr.) are concerned but not nec- 


essarily for the cooling through other temperature ranges since. 
the cooling. curves the not all have the same 
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Fig. 78—Hardness, Cooling Times and Structure the Center and Surface 


0.96 Per Cent Carbon -Steel Cylinders Quenched from Degrees Cent. 
(1605 Degrees Fahr.) Into Per Cent Sodium Chloride Different Temperatures. 
Coolant Motion Feet per Second; Cylinders Inch Diameter Inches Long. 
Microstructures Originally 500, Reduced Per Cent Printing. Samples 
Etched Per Cent Nitric Acid Where 
Resembled Those the Center Only the Latter are Given. 
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list based somewhat closer gradations 
from the data Figs. inclusive and substitutions can made 
number cases, but Table coolants showing the 
est tendencies toward irregular results have been omitted only those 
were chosen which smooth center cooling were obtained 
with fairly uniform slopes from 850 300 degrees Cent. 
(1560 390 570 degrees Fahr. 

The corrosive nature the hot sodium hydroxide solutions and 
the hot sodium chloride brines the same time advantage and 
disadvantage. solutions are not easy handle industrially 
from the ‘standpoint equipment operators, the 
quenched steels are relatively free scale, and with bath 
temperatures degrees Cent. less, often come out 
bright. This denotes active scale removal during the quench, effect 
which tends promote uniformity the results obtained. 
Observations during the experiments clearly that 
the temperature the sodium chloride and hydroxide solutions ap- 
proached the boiling. water, there was decided decrease 
the uniformity the conditions the contact surfaces the steel 
and the coolant. However, should kept that all the 
experiments were made with low coolant that bet- 
ter circulation were provided more uniform conditions could ex- 
pected. unsatisfactory low rates motion might become 
satisfactory higher rates motion. 


SOLUTIONS 


Two sets tensile test bars were quenched some the hot 
aqueous solutions to.give additional comparisons with water and the 


No. oil atmospheric temperatures. The first set was prepared 


from oil hardening nickel-chromium steel while the second com- 
prised specimens 0.45 per cent carbon steel. The results the 
tensile tests are summarized Tables and XXIV. 


the case the nickel-chromium steel (Table 


what better uniformity was obtained the two oil-quenched samples 
than those which were quenched in- water degrees Cent. 
the best combination strength and ductility was obtained samples 
quenched per cent sodium hydroxide degrees 
results obtained with per cent sodium-chloride degrees Cent. 
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96 Per Cent Carbon Steel Cylinders 


Degrees Fahr.) Into Water Different 


Structure 
Ouenched 

Microstructure 


Second; Cylinders Diameter 


ent Acid Where 


enter Only the Latter are Given. 
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Cooling Times and Structure and Surtace 
Per Cent Carbon Steel Cylinders Quenched from Degrees Cent. (1605 
Feet per Second; Cylinders Inch Inches Long. Microstructures 
Cent Nitric Acid Alcohol. Where Surface Structures Resembled Those the 
Center Only the Latter 
not good those with the sodium hydroxide degrees 
Cent. but the temperature the hydroxide was increased 
and degrees Cent, there was decrease both the strength 
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TIME SECONDS TEMPORATURE OF COOLANT C 
and 0.96 


Inches ‘Long 


Cooling Curves, Cooling Times and Hardness 
Per Cent Carbon Steel Cylinders No, Oil 
Motion per Second; Cylinders Inch Diameter 


The specimens. per cent earbon when 
quenched the per cent sodium degrees Cent. 
(Table Poor mechanical properties were 
same liquid degrees Cent. but when the temperature was raised 
degrees Cent. excellent combination strength and 
was Good strength, and reduction area were 
also Obtained per cent sodium chloride degrees but 
erratic results were obtained water degrees Cent. Hankins and 
wide and inch thick 0.60 per cent carbon steel from 
degrees Cent. (1470 degrees into degrees 
Cent. without cracking after successful with 
plates the same width and 


119, 1929, 217, 
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Fig. and Center Hardnesses the 0.96 Per Cent 
Carbon Steel Cylinders Quenched from 875 Degrees Cent. (1605 
Degrees Fahr.) Into Different Liquids Different Temperatures. 
Coolant Motion Feet per Second; Inch Diameter 


Inches Long. 


The structures some the tensile test specimens are shown 
Figs. and 84. The No. oil degrees Cent. and the per 
cent hydroxide degrees Cent. produced troosto-sor- 
bitic structure the 0.45 per cent carbon ‘steel while the per cent 
sodium chloride degrees Cent. and the per cent sodium hy- 
droxide degrees Cent. produced martensitic structure con- 
taining appreciable proportions The differences duc- 
tility and tensile strength samples 7A-9 and 7A-5, Fig. 83, were 
probably due part differences the degree tempering the 


martensite, differences the proportions troostite present and 
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ROCKWELL HARDNESS SCALE 


QUENCHED 80°C(3 FT. PER SEC) 
LBS. PER SQ. IN. 


ROCKWELL HARONESS SCALE 


77,500 PER SQ. IN. 


Fig. and Physical Properties Some the Tensile Speci 


ste ized Table Microstructures which were ‘Taken 
Tensile Specimens Originally 500, Reduced Per Printing. 
ples Etched Per.Cent Nitric Acid 
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and 


STEEL 


QUENCHED NaOH 80°C (3FT PER SEC) 
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Fig. and Physical Properties Some the Tensile Specimens 
Tested; Summarized Table which were Taken Center 
Tensile Specimens Originally 500, Reduced Per Cent Printing. Samples Ete! 
in. 2 Per Cent Nitric Acid in Alcohol. 


differences residual stresses left the volume changes 
hardening. 


showed consisting partially tempered martensite the 


quenched per cent sodium hydroxide degrees 


dark needles were found suggesting the presence 
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samples showed low tensile strength and ductility comparison with 


the samples quenched oil degrees Cent. per cent sodium 

hydroxide.at degrees Cent. 

DIMENSIONAL CHANGES THE Hor SOLUTIONS 


quenched each the two oils and some the hot aqueous solu- 


and Dimensions the Gage Used 
the Repeated Quenching -Experiments 


tions and the resulting changes diameter and the width the 
slot are summarized Table XXV. 

The gages used were similar those employed. the inspection 
class tool steels the Navy except that they. 
were exactly half size all dimensions. Johanssen gage blocks 
used measuring the width the slot while the diameters were 
measured points inch from each side the slot 
The were all brought constant temperature degrees 
Cent. before measurements were made. 

the first quench the gages were placed furnace 815 
degrees Cent. (1500 degrees Fahr.) held minutes and immersed 
the chosen liquid. the desired measurements 
made, the gages were tempered for one hour 230 degrees 
(445 degrees Fahr.) and again measured. the gages 
were repeatedly quenched into the solutions first used but these 


cases they were held the furnace only minutes before quenching. 


0.80 1.05 per cent Carben, 1.25 2.00 per ‘cent Manganese; Navy Department 
Specifications for Tool Steel, 47S5c, July 
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steel originally selected for the tests was “oil 
containing about per cent carbon, 1.2 per manganese 
about per cent each chromium and tungsten but due 

ror which was not discovered until after the experiments had been 

ompleted the gages were made from steel containing per cent 
carbon and per cent this latter steel served 
the purpose the experiments since the coolants greatest 
those rates between the oils and tap 
atmospheric temperatures and steel was 

object the tests described was detect practical and 
manner conditions which characterized dan 
pecimen with its thin and heavy sections, pre 
cludes uniform cooling and the stresses set the volume changes 
hardening cannot readily caleulated account the complex- 
the conditions encountered different parts the gage, but 
detecting strong tendencies the different coolants promote dis 
tortion and cracking, irrespective the causes these effects, 

changes diameter may taken roughly the 
volume changes hardening while those the width the slot 
shouid retlect qualitatively the magnitude the 
tresses set these volume changes since the ends forming the 

the the gages but the two sets changes showed simul 
decreases when comparing the different coolants. 
one exception, the changes were larger the hot aqueous solu 
tions than the oils (Table This one exception was the so- 
degrees Cent. whieh the dimensional changes 
vere about equal those the No. oil and smaller the 
hanges any the other liquids except the No. The Rock- 
well hardness produced adjacent the slot was somewhat 
higher when the gages were quenched the sodium hydroxide 
degrees Cent. (55, than when quenched either 
oils. (51 for both oils 


+} 


all cases the changes produced by. tempering for one hour 


degrees Cent. (445 degrees Fahr.) were small, and this may 
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between the cooling rates obtained with water and oils ordinary 


QUENCHED ONCE QUENCHED TIMES 
(CRACKED) 
QUENCHED TIMES IN. QUENCHED TIMESIN 
(CRACKED) 
Fig. the Gages After Repeated Quenching Some the Hot 
Aqueous Arrows Point Cracks. 
taken indicate that the widening the slot quenching effec- 
tively relieved large part the internal stresses produced the 
results obtained experiments justify the view that 
some the hot aqueous solutions can useful bridging the gap 
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but their characteristics must recognized 
sources danger disadvantage. maintenance rapid 
oling low temperatures may undesirable the hardening 
steels but this also applies drastic coolants such the cold 
rines and sodium hydroxide solutions now used industrially. 
from this source can minimized some cases, least, 
removing the steel before reaches coolant 
rupted quenching and under controlled conditions bene 
fits derived need not the expense high 
source danger the hot aqueous solutions lack uniformity, 
romoted the formation relatively large amounts steam but 
this becomes more marked the bath temperature approaches the 
point water and can probably counteracted through ad- 
circulation and adjustment composition and. tem- 

Such sources danger are well recognized but the hot aqueous 
solutions studied are not necessarily steels 
trated the results the repeated quenching Table 

the adverse conditions imposed repeated introduction 
the hardened steels into furnace high temperatures, without 
intermediate annealing, two the gages cracked first and 
third quenchings the per cent sodium hydroxide degrees 
Cent. but five treatments were required for cracking water 
degrees Cent. and the gages did not crack when quenched nine times 
per cent sodium chloride degrees Cent. per cent 
sodium hydroxide degrees Cent. 

The appearance some the repeatedly quenched gages 

Fig. 86, and will observed that considerable distortion 
has taken place the ends forming the slot those gages which 
were quenched nine times without cracking. The the gages 
quenched per cent sodium hydroxide degrees Cent. were 
the heavy section (see arrows, Fig. whereas those in. the 
gages quenched water degrees Cent. were circumferential 
the hole the specimen (see arrows, Fig. 

Not tests were made determine the best the 

liquids tested for different purposes nor the order uniformity 
which may expected under conditions practical application 
described results seem justify the conclusion that the hot 

solutions will, upon further study concentrations and cir- 
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culation, offer useful set coolants bridge the gap between 
water and oils atmospheric temperatures, least for the harden- 
ing small steel parts. 


Chapter 


CRITICAL COOLING RATES AND DEPTH HARDENING 


DIAGRAMS 


was pointed out that the properties produced steels given 
coolants are dependent upon the composition the steel and upon 
cooling rates required for complete hardening what frequently 
called complete 

While metallurgists not all agree upon the sequence of. the 
formation the different microstructures steels cooled different 
rates, they quite subscribe the idea, which associated 
the pioneer investigations metallurgists, that there 
critical cooling rate which must reached secure martensite free 
from and hence full hardening. 

The now generally accepted that with progressive 
increase the cooling rates the Ar, transformation first lowered 
slightly and then splits that takes place partly high tempera- 
tures and partly low temperatures the neighborhood 300 
(570 degrees Fahr.) With further increase the cool- 
ing rates there discontinuity the lowering the transforma- 
tions that the heat effect the high temperature disappears and 
only the low temperature point observed. 

The upper part the split transformation considered rep- 
resent the formation troostite from austenite been desig- 
nated Ar’; the low temperature the forma- 
tion martensite and been designated The ‘cooling 
which Ar’ disappears the critical cooling referred 
‘and marks the disappearance primary troostite and the retention 


terms refer martensite without primary troostite; austenite may be, and 
usually is, also present under the customary quenching conditions. 


microstructures quenched steels given recent paper Robertson, “The 
Microstructure Rapidly Cooled Journal, lron and Steel Institute, Vol. 119, 
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STEELS 


Table XXVI 


Carbon Steels Used the Determination Critical Cooling Rates 


McQuaid 


cooling 


Critical 


temperature 


Steel per cent deg. 
Numbet Mn P Siosize no per sec deg. 
Ist Group 

(C33 43 60 023 Fi »>0 R875 

Group 

(290)! 

(135)! 

|’ l } SOU 

\l 1.10 aa) 195 790 
(145)! 


samples group steels were hardened from the con 
many contained cementite network and were coarse viewed under the micro 


remaining samples the 2nd group steels were sorbitized, quenching 


and tempering 1100 degrees for two hours betore heating 
rdenimy 


These changes the temperatures which the transformations 
place are important from the viewpoint practical heat treat- 
since they represent complete range structures and proper 
When 


the changes the transformation temperatures ‘with cooling rates 


ties from the relatively soft condition that high hardness. 


are correlated with the structures and properties picture 
parisons can then made different steels. 
The early investigations upon which the foregoing conceptions 
are were carried out largely with alloy steels having low criti- 
cal cooling rates. Therefore, studies were made the 
changes carbon steels which require rapid cooling for 
steels tested originally had the chemical compositions recorded 
Group) and the results the quenching experi- 
inclusive. These show the relations between the cool- 
rates, taken 720 degrees Cent. (1330 degrees Fahr.), the tem- 
peratures occurrence the transformations, the structures and 
the hardness. 
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Rockwell hardness 
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Cooling velocity, deq. per sec 
determined 


Fig. for 1.27 Per Cent Carbon Steel from 
Degrees Cent. Microstructures Given 500 Magnification for Samples Etched with 
Cent Nitric Acid Alcohol. 

(A). Determine Whether the Dark Areas Shown the Two Photomicrographs 
the Extreme Right were Troostite Graphite Examination Unetched Sections was 
Made. 


(B). The Retention Austenite Indicated this and Subsequent Diagrams 


92, inclusive) only for Rates Higher than the Some may Present 


Cooled More Slowly. 
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Steel 


Troostite Martensit 


lrane 


ckw 


Cooling velocity, deq. per sec. 

determined 
for 0.96 Per Cent Carbon Steel Quenched 
Given 500 Magnification for Samples Etched with Per 
Nitric Acid Alcohol. Refer also Note (B), 


Cent 


general character these quenching diagrams the same 
all the steels studied and will noted that the cooling 


were progressively increased the Ar, transformation: was 


: 
x 
320 
teels 


lowered slightly and then structure changed 
pearlite sorbite troostite and austenite and the hardness 
appreciably. further increase the cooling speeds the hea 
effect the upper the transformation, Ar’, decreased 
tensity while that the low temperature transformation, Ar”, 
creased intensity but the temperature its occurrence. 
change appreciably. sufficiently rapid cooling only the 
temperature transformation was observed and primary. troostite 
longer The structure then consisted martensite (and 
austenite) and full hardness was obtained. 

The quenching diagrams Figs. inclusive differ 
detail from those previously secured for air hardening steels 
that the temperature Ar’ shown approac! 
that the martensite transformation, Ar”, instead disappearing 


relatively high temperatures the critical cooling 
time the experiments were made this seemed the proper 
summarizing the results but the evidence the marked lowering 
Ar’ disappearance the critical cooling rate not 
clusive since the thermal effects were all small and difficult detect 
even when replotting the cooling curves the inverse rate 
was also not practicable with the chosen methods 
test locate accurately the cooling rates which Ar, first split 
both these matters were considered secondary importance 
the investigation and need not discussed further detail. 
the preceding discussion the customary terminology has been 
employed matter convenience but this does not ac- 
ceptance the conception true splitting Ar,, the desig 
nated positions Ar’ and Ar”. These heat effects may represent 
the maximum speeds reactions transformation range 
convenient means summarizing the data for the comparisons 


different steels. 

The importance the changes the occurrence the trans 
formations shown the structures and hardness test results 


17). 


steels containing 0.75 per cent more carbon the hardness 
troostite was formed (region ab). then 
constant over appreciable range cooling rates (be) 


cooling was sufficiently rapid make martensite the 
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very nearly constant. 
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Troostite 
Austehite 


160 


Cooling velocity, deq. per sec 
determined 720°C 


for 0.96 Per Cent Carbon Ste 
Acid Alcohol. Refer also Note (B), Fig. &7. 
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and within the limits investigated, 


ZOO 


Samples 


The hardness curves, 


from 
with 
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unlike those for 
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Martensite 


300 


nardness 


240 280 320 


Cooling velocity, per sec 
determined 


Cent 


Dewrees Cent 


Diameter 
Ouenching 


for 0.89 Per Cent Carbon Steel Quenched fron 
Diagram, Unlike Those Figs. and and 92, was 
Varying the Sample Diameter from Inches, but with Constant Ratio 
Its Sole Purpose Check Results Obtained Using 
Media Microstructures Given 500 Magnification for Samples Etched 
Nitric Acid Refer also Note (B), Fig. 
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thermal transformations, have been plotted with 
hrough points observations; somewhat more gradual changes 
would have been shown with the acquisition intermediate 
points these curves. 

important note that the high contain 

from 0.75 1.25 per cent carbon, practically identical hardness 
values were obtained with appreciable proportions and 
martensitic product (not too much austenite 
shown that there may material differences 
performance fully hardened (martensitic) steels and those 
appreciable proportions troostite mixed with the marten 
site. such automotive gears requiring 
deformation, great toughness and resistance fatigue and 
abrasion, the steels will often have only fraction the 
useful life the fully martensitic even though comparable 
hardness values are obtained with the customary test 
would, therefore, seem necessary use caution 
indentation hardness tests hardened steels for the purpose in- 
suring adequate hardening since such tests will not necessarily differ- 
entiate between satisfactory and 
spots” troostite can detected more readily and with 
certainty file skillful hands. rough test and 
subject objectionable features file test often quite valuable for 
inspection guarantee performance which dependent 


correct hardening steels. 


the differences manganese and silicon contents 
methods manufacture the first group steels, Table 
can used determine, least general way, the effects 
content upon the reactions plain-carbon steels different 
rates cooling: graphical summary important features the 
feature direct practical interest the critical cooling rate. 


steels with approximately the eutectoid carbon contents (in the 
neighborhood per cent carbon) had the lowest critical cooling 
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Fig. Diagram” for 0.75 Per Cent Carbon Steel Quenched from 
Degrees Cent. Microstructures Given 500 Magnification for ‘Samples Etched with 


Per Cent Nitric Acid Alcohol. Refer also Note (B), Fig. 
crease the critical rates. These differences mean that less rapid 
cooling required full hardening carbon steels with about 
0.8 0.9 per cent carbon than for steels either higher lower 
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carbon contents and similarly that steels with about the eutectoid pro- 


carbon will, all other variables remain constant, harden 
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more deeply water other coolants than will steels with much 
higher much lower carbon contents when similarly quenched. 
However, the hardness the martensite dependent upon the 


carbon content and only the high steels with about 0.7 per 


cent more carbon will.a Rockwell “C” scale hardness 
obtainable. Within the range 0.7 1.25 per cent carbon the 
hardness obtained with the critical quenching speed was substantially 
constant but the carbon content the steel was lowered the hard- 
ness decreased (Fig. 95). 

The relation between carbon content and the temperatures oc- 
currence Ar” likewise shown Fig. 95. temperature 


which martensite formed during quenching was lowered with in- 


crease carbon about 0.60 0.70 per cent; remained about 
375 degrees Cent. (705 degrees Fahr.) for between 
about 0.70 1.25 per cent carbon. The same type curve was ob- 
tained for the relation between carbon content and the cooling rate 
which Ar” was first observed. 

The results discussed preceding paragraphs were obtained 
with two exceptions (Figs. and 90) quenching from temper- 
ature about degrees above Ac, for hypoeutectoid steels and 
Ac, for hypereutectoid steels. These temperatures are genet rally 
higher than the quenching temperatures used commercially for small 


sections especially the case the high carbon steels but the 


should not altered lower quenching xperiments 
were also carried out with the 0.95 per cent carbon steel quenched 
from about 140 degrees Cent. above Ac, and shown com- 
parison Figs. and the only marked variations the charac- 
ter the quenching diagrams was the progressive lowering 
Ar” cooling speeds greater than the the higher 
initial temperature degrees Cent.) this sloped sharply down- 
ward that martensite was formed about 260 degrees Cent., 
(500 degrees Fahr.) instead 375 degrees Cent., (705 degrees 
Fahr.) when cooling 250 degrees Cent. (480 degrees Fahr.) per 
second, However, there was observable change the numerical 
value the critical cooling velocity with this tem- 


the preceding discussion was assumed that the steels tested 
differed only carbon Examination Table XVI shows 
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Fig. 93—Part the for 0:25 Per Cent Carbon Steel Quenched 
Microstructures Given 500 Magnification for Samples Etched 
Per Cent Nitric Acid Alcohol. Note that this Diagram Incomplete and that the 
Heat Effect from Ar’ Could Not Detected with the 
sed. 


they differed appreciably some cases also manganese content and 
not all have comparable grain size ratings the McQuaid-Ehn 
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that carburizing known that manganese tends lower 
that coarse-grained steels will harden more deeply 
fine-grained steels, lower cooling 

The tests deseribed were not sufficient study the 
effects grain size upon the critical cooling rates but more 
additional data were secured group steels and 
have been combined with the original results and 
the second set tests the critical cooling rates were 
tained quenching cylinders different diameters water, 
computing the cooling. rates the equations given 
ter 

points representing the cooling rates the different carbon 
when due recognition given the variations 
content would appear that the steels, 
represented the low grain size members, tended show the lowest 
critical cooling rates. But even the results are not entirely con- 
sistent and suggest that the critical-cooling rates carbon steels are 
dependent upon variables not the simple inter 
pretations given the results the carburizing test. 
the other hand, the scatter points 96, for the second 
set tests, may due largely the hand quenching which may not 
have been carried out under sufficiently close control the pres 
ence small proportions not determined the tests. 

not practicable this time fix values for the eritical 


-cooling rates carbon steels different grain sizes and manganese 


contents there are some trends shown Fig. which are 


practical importance. manganese, 


grained steels have 


Made American Soctety Steel Treating, Vol. 1922, 
Epstein and Rawdon, “Progress Study Normal and 


American Society for Steel Treating, 12, 1927, 337. 


representative practice and the one used basis for the data 
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the Temperature Drop for Equal 

Method was Used when the Heat 
Ar’ were Very The Two 
Sensitive Zone the Quenching Diagrams Just Below 
the Cooling Rate. Curve. the Lett was 
of Per Cent Carbon Steel Ouenched from &30 
Cent. Into Still Water Degrees Cent 


relatively high cooling tates; they are shallow hardening 
and require the most rapid coolants for complete 
The steels, and especially those with manganese 


the high side the usual commercial ranges have the lowest critical 


cooling rates, therefore are deep hardening 


Variations manganese and grain size, within limits 
countered commercial practice, may alter the critical cooling rates 
hence the depth hardening properties more markedly than appre 
variations carbon content. fact Fig. suggests that 
carbon content the least important the variables considered 
within the range 0.7 1.25 per cent 
The range variations critical cooling rates between the low 
fine-grained steels and the higher 


steels well the critical cooling rates steels with about 
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the Critical Cooling Rates and Some Other Features 
the Quenching Diagrams for Carbon when 
Under Definite Conditions Except 
Cases Represented. Solid Black Circles which 
the Samples were Cooled from 875 Degrees Cent., 
Quenching was Carried Out from About Degrees 
Cent. Above for Hypoeutectoid Steels and 
Hypereutectoid Steels. 


0.3 per cent manganese and grain size the test 
are shown approximately the curves the upper part Fig. 
These are, course, estimations but serve emphasize the 
trends the effects described. the upper and 
lower boundaries the range critical cooling rates have been ex- 
pressed the lower half Fig. terms the cylinder sizes 
which will harden throughout and the numerical values are consistent 
with those recently reported 

the light these results, is, perhaps, not difficult under 
stand why users prefer one another source supply. tool steels. 
While comparable surface hardness can secured over wide range 
carbon contents and grain sizes, commercial carbon steels vary 
preciably their depth hardening properties 
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Critical Cooling Rates and Depth Hardening Properties Plain Carbon Steels 
Carbon and Manganese Contents and Grain Size, 


sometimes represent the difference between success and 
requiring close carbon control but which dis- 
regard the heat treatment characteristics will often inadequate for 
refined work since the qualities which appear desirable for. one 
cation may undesirable for others. Deep hardening steels are 
sired some metal cutting tools such twist 
drills permit retention hard point repeated resharpening 
while hardening steels are favored for small punches, where 
the gain toughness from core important. 

The experiments can hardly applied directly 
steels but simplified tests designed develop the depth 
hardening properties tool steels have already been 
should, course, not applied unnecessarily but can helpful 


where close control essential. 
The matter grain size variations relation the properties 


Refer footnote 37. 
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operties quenched manganese alloy carburizing grades, 
hows that the coarse-grained steels had the higher strengths but were 
steels and the steels were quite large but 
even the tensile properties were affected great degree grain 

variations appreciable variations alloy content, 


reference but the causes the variations 


properties which they represent are not always known understood, 


portions determined the steel analyst 
must considered the quenching steels and that these factors 


more pronounced upon the results obtained 


with steels than variations alloy 


contents 
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Chapter VII 


GENERAL COMPARISONS DIFFERENT COOLANTS 


“HARDENING 


The matter securing single numerical represent the 
“hardening the “quenching liquids has received 
the attention different investigators and some interest the 
coolants. has generally been the case, 
ing defined the ability absorb heat rapidly this 
roughly the equivalent “hardening since the rates 
temperature drop control the lowering the transformations and 
hence the hardening produced steels. 

Pilling and Lynch selected the cooling velocity 700 degrees 


experiments with large axles, based comparisons 


the cooling rates over temperature intervals but 
different intervals the several. coolants 
Mathews and used the cooling times between 650 and about 
370 degrees Cent. (1200-700 degrees which essentially the 
same method used considered the “turning 
lowering and splitting the transformations, indicated 
dimensional changes, measure the “hardening while 
and compared cooling times, generally over 
the range 100 degrees Cent. (1290 degrees 
and used the interval from 700 200 degrees 
Cent. (1290 380 degrees. 

These methods comparison fall into three main groups: (1) 


stitute, 95, (1917), 119. 


Matsushita: Investigations the Quenching Carbon Journal 
and Steel Institute. May meeting, 1923 


(1904), 473, 


and Steel Institute, 77, (1908), 153. 


Portevin and Garvin: “The Experimental Investigation the 
the Rate Cooling the Hardening ‘of Carbon and Steel 
tute, 99, (1919), 
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ooling over fixed temperature ranges, (2) Cooling velocity 
sed temperatures and (3) the lowering the 
steels. 

usefulness the cooling rates around 720 degrees Cent. 
comparisons coolants largely the fact that the rates 
this temperature range determine the extent which 
the transformations are lowered and hence control 
measure, though not entirely, the degree hardening produced 
fixed quenching temperatures) carbon and many alloy steels. 

Comparisons the cooling rates around 700 
Cent. (1290 degrees will yield about the same informa 
(say, 800 500 degrees Cent.) except that the latter are 
only partial lowering feature cool- 
ing curves can expected evaluate all the salient features 
should evident from the. data previously deseribed, 

CHARACTERISTICS DIFFERENT COOLANTS 

The first requirement for any coolant that provide the de- 
hardening dependent upon other facters well and these include 
cost and general’ availability, permanence with respect 
cooling characteristics continued use, maintenance cooling char- 
acteristics with moderate temperature changes, ease handling and 
safety regards workmen and meet one 
more these latter requirements will not necessarily preclude 
mercial use but will the final 
the desired speeds cooling automatically removes from 

wide variety coolants are encountered commercial heat 
treatment practice but the five which are most generally employed are 
(1) water baths and sprays, (2) dilute sodium hydroxide solu- 
tions, (3) sodium chloride brines, (4) oils oil-water emulsions, 
and (5) These give wide range cooling rates and meet 
many the requirements industrial hardening 
manner but special problems often arise which make other coolants 
may therefore-be advantageous correlate the cool- 


ing characteristics some the commonly used coolants discussed 
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previous chapters with those not generally employed provide, 


practicable, close gradation in. cooling rates over wide 


Water probably the most widely used coolant, except air, and 

meets the requirements low cost and general 
is-easily handled and safe but its cooling characteristics change some 
what more than those many oils and some aqueous solutions with 
temperature. With vigorous circulation and provision for 
cooling the form sprays, water may considered ven 
entirely satisfactory, with feeble circulation equivalent 
‘slow movement the heated metal the bath and provision 
cooling, water may wholly unsatisfactory othe 
many was shown preceding chapters water will not 
itself provide cooling over the surface heated metal parts 
under the latter conditions and this lack uniformity the source 
many difficulties the hardening steels. 

Water baths atmospheric temperatures provide cooling speeds 
somewhat below sodium chloride brines, dilute sodium hydroxide cha 
lutions and water sprays but greatly excess those the custom 
ants, are shown Fig. and illustrate the magnitude some 
the differences mentioned when quenching from temperatures between 

about SIO and degrees Cent. (1490 and 1610 degrees 

Sodium hydroxide solutions the 

Dilute sodium hydroxide solutions are useful where cooling 
speeds excess those provided water baths are 
high cooling speeds are illustrated Figs. and and the fol- 
lowing tabulation results obtained with solutions different con- 
centrations, 

Observed Cooling rates. Rockwell hardness 
o by wet. of 1,” evlinder, 0.95 C steel steel at the 
deg. (875°C quench) surface 


if 
1) 


There apparently wide range concentrations which give 
the same results although this phase the matter was 
fully these solutions offer difficulties 

the maintenance cooling characteristics requiring un- 
viously, they are better able than water compensate for deficiencies 


cooling rates are also somewhat less affected 


temperature rise than those water and their vigorous action 


upon heated steels they effectively remove scale and tend. pre 
vent areas and tend promote uniform 
hardening. chief disadvantages are associated with cor 
rosive nature and they are therefore easy handle some 
other rapid cooling characteristics also change with 
time due the absorption carbon dioxide from the air but this 
not very troublesome and the practice plants make 
weekly. 

effectiveness the sodium hydroxide solutions, where rapid 
cooling desired, due not solely high rates temperature 
change around ZOO degrees Cent. (1290 but also 
the rapid cooling maintained lower temperatures than 
the case with This may disadvantageous some applica 
removed from the bath when reaches predetermined tem 
sodium hydroxide solutions also “take 
more quickly than water that there less lag shorter 
period comparative quiescence upon and this enables 
the use quenching temperatures close the critical, which 


advantageous, 


Concentrated without motion degrees Cent. 
was intermediate between the oils and water under sim 
sulphuric acid water degrees Cent., still motion 
foot-per second, was somewhat more rapid cooling medium 
water but appreciably slower than the sodium 
per cent had negligible effect upon the cooling curves, resultant 
venter surface hardness and microstructure the 


high carbon steel. The cooling velocities relatively low 
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Between Some Quenching Media for Heat Treatment and 
Diagrams for Carbon Steels. 


temperatures, the neighborhood 200 400 degrees Cent. 


degrees Fahr.) were higher than those water and 
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the magnitude the increase was about the same that 
around 700 degrees Cent. (1290 degrees 

The corrosive nature these solutions disadvantage and has 
restricted their commercial application. The solutions high con- 
centration are hydroscopic and time will change cooling 
acteristics that suitable precautions must taken 
the desired concentrations. 


Sodium chloride brines 


Various concentrations sodium chloride, between per cent 
and saturation, in-water degrees Cent. (brines) provide cooling 
rates intermediate between per cent sulphuric acid and per cent 
sodium hydroxide solutions. However, they overlap the range 
cooling rates (Fig. 98) for the somewhat slower dilute sulphuric 
acid and rapid sodium hydroxide but give cooling velocities 
above those water. typical cooling curve for per cent sodium 
chloride included Fig. 100 for comparison with sulphuric acid 
various concentrations. 

Sodium chloride brines are corrosive regards 
they are not-as dangerous workmen are the sodium 
solutions, and sulphuric acid. They are widely used industrially and 
have many the desirable technical characteristics outlined for the 
hydroxide solutions. Details ‘will found preceding 
chapters. 


Calcium chloride brines 


The cooling rates provided brines, with 


between about and per cent weight water, 


were about the same those the sodium chloride -brines, viz: 


Cooling rate 720°C, Rockwell hardness, 

Concentration 0.95% steel steel, 
(by wet.) deg. (875°C quench) Center Surface 

190/215 


67 


67 


acid: 


The few tests made with hydrochloric acid solutions indicated 
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that per cent hydrochloric acid provides about the same cooling 
rates per cent sulphuric acid but the concentration was 
creased the cooling speeds the dropped 
lower values than those the acid solutions. Compara 
tive data 


Cooling rate 720°C, Rockwell hardness 


center evlinder, evlinder, 
(by wet.) (875°C quench) Surtace 
20% HCl 115 


160 


170 o4- 66 05 67 


110 o4 
95 


carbonate. solution 


Tests made with per cent sodium carbonate water showed 
cooling rate 720 degrees Cent. (1330 degrees Fahr.) about 
cent Carbon steels from degrees Cent. degrees 
Rockwell observed cooling rates were 


lower than those and sodium chloride brines. 
solutions 


Pilling and showed that only small soap 
water, such might introduced workmen their 
hands the quenching baths, lowered the cooling rates appreciably. 
The magnitude shown the results obtained 
spectively with 0.06 per cent soap water and per 


sodium oleate. quenching cylinders per cent 


steel from 875 degrees Cent. degrees Fahr.), the cen 
ter cooling rate, taken 720 degrees Cent. (1330 degrees Fahr.), 
the soap solution was degrees Cent. per and the center 
and surface hardnesses and respectively the Rockwell 
the sodium oleate solutions the cooling rate was 32-degrees 
Cent. per second and the hardness and center cooling 


curves were quite irregular and indicated high degree 
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robably would have given somewhat erratic results but the soap 
olutions can said give reduced cooling speeds 


with water. 


cooling curves the six oils referred 
Chapter when quenching 0.95 per cent steel 
inch diameter, degrees Cent, (1005 de- 


| 
Rockwell Mardneos | 


Time, seconds 


Cooling Curves Taken 
the Center Diameter Cylinders 0.95 Pet 
Cent Carbon Steel when Quenched from 875 Degrees 
Cent. Into Various Sodium Hydroxide Solutions 
Degrees Cent., Moving Foot per 


are reproduced Fig. also shows the 
range cooling rates expected with varying 
quenching temperatures between 810 and degrees Cent. (1490 
and degrees Fahr.). group, the oils are intermediate 
cooling velocities between water degrees and water about 


degrees Cent. However, they all give slow rates temperature 
change below about 300 350 degrees Cent. (570 600 degrees 


the rapid cooling hot waters, already de- 
the case with the 0.95 per cent carbon steel, the 
martensite occurs around 350 degrees Cent. (660 de- 
may tempered part the slow cooling the 


1.25 per cent carbon steels the production troostite with 
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Table 
Cooling Rates and Given Samples Different Oils 


order decrease cooling rates) 


Rock 

Flash Fire Cooling rate well 

l ( ( ( porscs dex ( pet hess! 

(Wet pressed ) y 
(new) 


attet 
Pranstormer. SOY 155 182 718 


Palm 


when quenched trom 875 degrees into motionless coolants Cent 


varying proportions martensite, and tree ferrite 


mentite depending upon whether the steel 


intermediate hardness are obtained 
Data for these oils included with 


results tests other and the 16. oils are listed 


hardness values not with the observed 


periments were well below the cooling rates and range 


producing fharked changes the hardness 0.95 per cent car 
bon steel, (See 98.) 


namely that with some combinations of. steel, and shape and 


coolant, there considerable leeway the speeds 


will produce substantially the same degree hardness but even 


other important properties may not When the con 


ditions are such that the cooling rates approach the critical cooling 


rates the steel there often little latitude choice 


coolants and very results may obtained from compara 


tively small ditferences the manner 
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Rockwell Hordness 
(C acale) Center 66 && OS 
Surface 61 ot 


Time, eeconda 


temperature Cooling Curves Taken the Center 
Into Acid Various Coneentrations Per Cent 


high temperatures any the oils tested. 

also interest note that the two oils giving the most 

rapid temperatures were both proprietary quenching 


which suggests that faster rates are desired quenching 


foot and sperm oils gave the same moderately rapid cool 
ing high temperatures and both also showed rapid cool 
ing low 

slowest cooling high temperatures was obtained 
but low rates-of were also observed 
and oils. 

information not regarding the permanence 
the various oils tested but prepared oils Nos. and which are 
ised industrially, are known satisfactory this 
have been taken from bath use years with only sufficient 
new oil keep the required level the tank and, 
hown Table there was only slight decrease the 


rates and this was probably within the limits 
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Time, seconds 

Cylinders 0.95 Per Cent Carbon Steel when Quenched 875 Degrees Cent. (160 
Into Various Oils Motionless Degrees Cent. 
hility the experiments. No. can also considered 
hazards are indicated roughly in. the. re- 

ported flash and fire the different oils. Cost factors will not 

discussed. 

group the oils show smaller changes cooling speeds with 
change temperature than water aqueous solutions all 
oils will show such small differences those shown the two pre- 
pared quenching oils studied different temperatures described 
Heated salt metal baths 
Cooling curves were not obtained heated: salt metal baths 
their experimental application the hardening carbon and 
alloy steels can made the basis few general comments. Molten 
salt metal baths are sometimes useful coolants since they pro- 
vide the hardening transformations may caused 
take place different there some evidence 


that the properties steels may sometimes improved 


ening troubles avoided such methods quenching. For example, 


has been possible improve the toughness hardened alloy steels, 


high hardnesses, quenching lead-tin-bismuth-cadmium 


alloys temperatures around 250 degrees Cent. (480 degrees Fahr.). 
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The molten metal baths cool more rapidly than the 
but neither will produce full hardness around 64) 


give rapid cooling produce high hardness 
low alloy tool steels, but quenching such manner somewhat 
less attractive quenching the aqueous solutions 


these latter coolants will the desired results. 


The temperature distribution when cooling media 

matter importance since the hardening transforma 
steels are volume changes which can create 
apprectable which often result fracture. 
stresses developed depend upon the temperature distribution. 
well upon many other variables and the solution 


this becomes complex, While study temperature distribu 


tion was beyond the scope the described tests differences between 
and center temperatures can considered advantage 

general comparisons coolants. 

The problem determining the temperature any 
all body funetion time, under set conditions, one 
ter some interest these mathematical treatments 

can the practical problem temperature distribution 
during 
The process solving such problems one finding solu 
tion the general differential heat conduction which 
der are two well known solutions which are 
Both these will discussed the following para 
nce 
general differential equation 
pie, 
r.) 


used the discussion this part the paper were wholly 
Ci 


See footnote (4) Chapter 
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Sphere Quenched Water Spray Under 110 Pounds Per 
Inch Water Pressure Compared the Cooling Curve Calculated 
on.the Assumption Instantaneous Drop Coolant 
the Surtace See Text Details (First Set Assumptions) 


the temperature, the time, and and the space 


where the thermal conductivity, the specific heat, and 


the density. 


the values diffusivity for steels over the range 


degrees Cent. (65 1005 degrees Fahr.), has already 


pointed out. likewise, assumed that there heat developed 


within the which means that the heats transformations 


are neglected, but this should lead serious errors only cases 


where large heat effects are observed, heats transformations 


can neglected when cooling small pieces rapidly. 


The first the solutions the general equation heat con 


duction assumes the following the temper 


the body uniform the time quenching and the sur- 


if 


face temperaturé falls instantly the temperature the coolant. 


seen from the experiments already described, this latter assump 


tion only the case the most drastic 


coolants such pressure spray quenching for bodies 


diffusivity. 
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Center and Surface Cooling Curves 
Cooling Curves the Assumption Law 
See Text Details Set Assumptions). 


102 shows cooling curve for the center sphere 
these assumptions, compared the experimental curve 
obtained the pressure spray quenching. The value dif 
used the was 0.07 and assumed 
fair average value over the entire cooling range. This value 
computed cooling curve which much faster than the 
curve. values diffusivity would bring the two 
curves together but such lower values not seem justified 
the light present information. 
The second solution mentioned above, that 
the body loses heat rate. proportional the difference 
temperature the and the proportionality 
constant called surface conductivity and depends upon the coolant 


and probably also many other factors. does not seem reasonable 
that simple law should hold for cooling where the 
range temperature large the quenching steels but the 
temperature curves computed this assumption 
ame general characteristics the experimental curves. 


The results such calculations are shown Figs. 103 and 104. 


Wires Journal, Franklin Institute, Vol. 184, 115, (1917), indicate that 
dissipation heat probably ‘does not increase proportionally with rise 


this law would indicate 
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surface (1.18 was chosen which gave 
approximation the experimental results for the center 
sphere and this value was then the 


derived and experimental center cooling curves show 
good agreement but the curves different 


curves show closer agreement the size sphere 


possible explanation the between the com 


hown “hot which have been sub 


would make the average temperature the surtace some 
what higher than the temperatures observed 


liberation heat during transformations another factor 


Which has been neglected the computations and which 


-between the computed experimental 


cooling areas pass through the 


conditions may 


retard the betore the has the 


the exper 
ital cooling curves shows that the cooling rates are not very 
reater for the larger sizes. 


accurate knowledge the true laws cooling 
take into account the heat 


computa 
1S 


hased the simple assumptions already stated are 


but made quite simply with the aid tables com 
ted 


Garober, 
Deut 


her Ingenieure, 69, 705 (1925) 
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Diameter When Cooled from 875 Degrees Cent. (1605 Degrees Fahr.) Water 


Experimental results 


The experimental determinations center and surface temper 


atures, described chapters, confirm the larger temper 


the differences involved for both small and large 


mens. convenience, the approximate cooling curves 


inch and inches diameter, are reproduced Fig. 


gether with the differences between surface and-center temperatures 


ature differences produced rapid coolants such water than 
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center temperatures given for the water and the 
oil were determined the motionless liquids but appreciable 
errors are introduced, for present purposes, these are considered 
represent approximately the conditions slow motion. feet per 
under the corresponding surface temperatures 
determined. 

105 the magnitude the maximum temperature 
ences (surface and center temperatures) shown about 450 
750 degrees Cent. water, 375 425 degrees. Cent. the No. 
oil and roughly. 100 degrees Cent. still air when the 
and spheres were cooled from 875 degrees Cent. (1005 
erees might expected the maximum temperature dif 
ferences were larger the large sphere than the small one but 
sizes the time-difference curves Fig. 105 had the same general 
form and the differences between and center temperatures 
were larger water than the oil and much larger the oil 

data Fig. 105 may considered characteristic 
general way three important groups coolants, (1) rapid cool 
such water and (2) giving inter- 
mediate rates temperature drop, oils and, (3) The 
changes with time wall vary magnitude with the different coolants 
each group and with the size and shape the piece, initial tem- 
cooling and other variables but the general trends appear 
determined largely the temperature drop the sur- 

The more rapid the cooling the surface the lower the sur- 
temperature which the maximum temperature differences oc- 
cur under otherwise comparable the plasticity 
steels decreases generally with decrease temperature, the surface 
the steel will less readily deform and relieve the stresses 
by. the volume changes accompanying the. hardening transfor- 
mations when cooling rapidly than when cooling more 

These features are well known and Fig. 105 given principally 
the magnitude the temperature differences determined 
experiment for three the important coolants used 
heat treatment 

not unreasonable assume that the stresses set the 
rapid coolants such water will different order magnitude 
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than those set otherwise comparable conditions 
moderate coolants such oils and these have been made 
quenching than the more rapid water quenching 

These matters deserve attention and could advantage made 
the basis valuable research but attack would 
difficult this this connection Palmer has sug 
vested that the large temperature encountered 
coolants made work for, instead the 
controlling the flow and contact the coolant with the heated 
cases modify the stress distribution dies and tools that the 
and give the metal the equivalent higher methods 
control are known have been used advantage and have 
sulted very large increases the life quenched steel 
service, 
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Proce SS 


2 terence to first part of papet 

PROTECTIVE COATINGS. The Rust- 
Cleaning and 
no..3, Mar. pp. 


process, ONVECTI sexu rena 
discussion oft 


oxyren 


ervations; process. 


15-218 and 


white and 
thei advantages; 
operating 
and 


rust-proot 
solution 
produc 


steel 


he ( tings and 
mulas and 
protective 

oducts 


coatings On 


ral LOCOMOTIVES—DROP FORGING 


and Unusual Drop Forgings 


Large 
vol 125, neo, l4, 

15-1007, 5 
r Methods of manutacturing large drop 
forgings placed locomotives, substitutes 
ress work Locomotive Works, 
Pa.; economical 
mall numbers; blocks relatively 
roughing frequently done 
pieces drop forged at ends. 


pp. 


machined 


lilystone, 

mall production 

long 
MALLEABLE IRON CASTINGS 
Choice Raw for 
Vanchester), yol. nos. and Jan. 
107-109, pp. 161-162 and 165, 


Selection malleable pig will 
method melting, size and 
chemical composition, 
control melt; char 
annealing ore and 
graphitic carbon, combined carbon, 
sulphur, manganese, 
Bibliography. 


with Hematite 


end upon 


tion of castings, 


teristics of pix 
| packing 
itertals 
carbon, 
phos 


continued.) 
Malleable 


mit 

Kupolofen Tem 
Zeit. fuer die 
(Berlin), vol. 51, 
Jan. 26, 1930, pp. 70-72, figs. 
that hematite has injurious effect 
iron; reply Stotz appended. 


New 1692 
Malleable Cast 


Cupola 


tandard Specification 


ENGINEERING 


INDEX 


(Das neue Normblatt Tempergus 
DIN 1692), N Stot (rte ( messe 
rf), vol 17, no 11, Mar l4, 1930, pp 
11-253, 4 fw 
Specification ! 
standard tensile 


specifications otf other standards 


tor 


countries; 
casting 


MALLEABLIZING 


119 


review literature 
mechanism ol 
upon 


malleable cast 

graphitization and 
cast iron; 


process; 
growth 
Russian, with 


ron 


METALS 
Problem 


(Zur der bei 


Schmid der deutschen 
10, 


1930, pp 


mum temperature 

Composition 
Kutectics, D. Stockdale Inst. of Metals 


ldvance Paper, no. 526, for Mar. 
13, 1930, pp., figs. 
Author has held. for 
eutectic, atoms 
present simple ratio; 
described was 


for this view; 


some time that 
of two elements 
work 
undertaken 
although this object 


binary 


has not been attained, results 
are otf interest; eutectic svstems examined 
were antimony-silver, cad 


and 


lead-tin, 


The 
Metals, T. A. Rickard 
Paper, no. 
13, 1930, 43 pp.. 
World survey given early history 
metals; melting copper probably preceded 
turies and production bronze hardened 


lust. of Metals 


copper was later stage metal culture; first 
melting metal out stone 
have occurred about metal 
made from native gold, silver, copper, 


from meteoric iron 


Bibliography. 


Recent 
(Neuere Untersuchungen ueber die Rekistal 
lisation der Metalle), Weerts. 
(Berlin), vol. 74, Mar. 29, 
1930, pp. 400-402, 2 figs. 

Review research work done 
fuer and 
abstract of papers by A. E. van Arkell, U 
Dehliner, and Tammann, read 23, 
1930, meeting Deutsche Gesellschaft fuer 
Metallkunde; effeet low-temperature 


Fak 
eet 
~ 
| 
t 
: 
: 
Py 
forty 


( rystallization; 
atomtstic princi 


recrystallization nuclei; 
recrystallization. 
kristallisation), and Sachs. 


4 ; 


fuer Physik (Berlin), vol. 60, nos. 7/8, 
Feb. 26, 1930, pp. 464-480, figs. 

Report from Kaiser 
conical copper rods, various temperatures; 
determination crystal growth recrystal 
lizing aluminum; time relations nucleus 


RECRYSTALLIZATION. Recrystal- 
lization Metals (Zur Rekristallisation der 
Metalle), Tammann and Crone. 
fuer und Allgemeine Chemie 
vol: 187, no. Mar. 1930, pp. 
289 

Report from Department Physical 
variations texture castings ‘particularly 
their central portions; variations grain 
recrystallized metals; isothermal 
grain growth primary and secondary re- 
crystallization; softening wire and change 
structure after very short heat treatment; 
lization; recrystallization small plates. 

SOLIDIFICATION. The Cooling and 
Solidification Metals, Campion. 
Foundry Trade Jl. (Lond.), vol. 42, no. 702, 
Jan. 30, 1930, pp. 88-89. 

Apart: from mold loca! chilling, rate 
cooling can certain controlled 
by temperature of metal at time of casting; 
with exception steel and cast iron very 
little reliable data regarding 
change volume metals liquid state; 
manner which flow heat takes place 
heat conducted into mold from 
one surface will retard cooling 
adjacent surtace; discussion 


METALS ANALYSIS 


Rolling and Recrystallization Texture 


lisationstextur 
Metalle), v.. Goeler and G. Sachs. Vitteil- 
ungen der deutschen Vaterialpruefungs- 


Berlin), no. 10, 1930, pp. 


texture and properties rolled 
metals. 


SPECTROGRAPHIC. Spectroscopic 
Analysis Metals, Smith. Brit. 
\Vou-Ferrous Vetals Researcl Assn. Bul., 
no. 28, Mar. 1930, pp. supp. plates 


Description ‘results obtainable use 


discussion production spectrum metal 
and its chief characteristics; case 
spectrographic assay degree of accuracy can 


wider standard samples for com 
son; recent developments. 


METALS CORROSION 

Hypochlorite Corrosion Cut 
tion Salts and Bases, Quam. Food 
Industries, vol. no. Mar. 1930, pp. 121 


Discussion investigations conducted 
determine: corrosion metals and alloys 
chlorite; tables giving average loss 
hypochlorite. 


Influence Cylic Stresses Corro 
Vet. Pub., no. 
figs. 

Paper discusses influence of eyeclic st: 
steels, corrosion resisting steels, monel met 
and aluminum alloys; damage 
limit previously corroded specimen with 
endurance limit metal; lowering fatig 
limit represents damage caused corrosi 
either with without cyclic stress; results 
are expressed diagram. 


search (Neuere Grundlagen 


Mueller. Zeit. fuer 


é 


( 


11, Mar. 15, 1930, pp. 225-229, fig. 
Review chémical theories metal cor 

rosion since time Lavoisier; enumerati 


protective measures. Bibliography. 


METALS FATIGUE 

Study the Ikeda Short-Time (Ele 
trical Resistance) Test for Fatigue 
Metals, Moore and Konzo 


) 


33, 


no. 205, vol. 
1930, pp., figs. 

Ikeda electrical resistance method for 
termining endurance limit 
stress was investigated connection with 
reversed-flexure fatigue tests 
ened tool steel, brass, monel metal, and 
per; conclusions are enumerated. 


METALS RESEARCH 


der Deutschen 
pruefungsanstalten; Sonderheft 
Julius Springer, 1930, 
diagrams., 

Researches collected this volume -treat 
metals; influence temperature and 
ditions cooling cast zinc, structure 
cast metals and alloys, wire-rope testing, 
formation of metals at low temperatures, r 


searches metallic crystals, are among 


subjects; Investigations were made at 


Kaiser-Wilhelm Institut fuer 
fungsamt. Eng. Soc. Lib., 


METALS TESTING 

CREEP. Creep Stress Determination, 
Feb. 1930, pp. 22-23, 
Author propounds novel method 
ing creep tests; bases his ideas 
that creep limit varies rapidly with 
determine limiting creep temperature 
given creep stress for 
method should prove very 
value, especially where approximate 
creep properties material 
Abstract translated from German. 


ENDURANCE. 


Endurance Test 


| 
101, 55 figs. 
Results tests and analyses, forming parts 
5 
tit 
. 


pruefmaschine tuet lorsionswechsel 
Spaeth 
vol 34, no Keb. ] 1930, pp. 


employing, 


for drive, which allows for quick and 
t execution of various tests 
Stresses Due Forging 


Heat Treatment 


etungsspannungen und Waermespan 

Sachs. der 

Vaterialprucfungsanstalten 
no. 10, 1930, pp. 43-48, 22 figs. 


of testing to determine ettect of 
metals, such forging, hard 
nealing, quenching, ete.; results 
determine stresses round bars 


deg. cent.; Comparison 


erent treatments 
rEMPER The Pile’ Tempet Testing 
vol. 36, no. 11, Mar. 1930, 
( + hes 


construction and operation 
machine for testing temper metals and 
analysis results obtained. 


WEAR Wear die 
(Berlin), vol 7. 20. +, Feb. 


machinery; e.e. grinding, 
tion tor theory wear; experiments 

testing machine; comparison cal 
ted and values. 


METALLURGY 


Metallurgical Research 

the Chemical Point View, 

Eng. Chem., vol. 22, 
Mar. 1930, pp. 232-240, figs. 

metallurgical research and 

metallurgy chemistry; trend 

proper training research men; 

research; 

nt; utilization research facilities 

lustry; metallurgical 


re search; 


research i 


MOLYBDENUM STEEL 


Hardy. Blast Furnace and Steel 
vol. 18, no. Apr. 1930, pp. 


why cost molybdenum steel 
nee molybdenum in. nature: uses 

early application molyb 

enum steel; devel 


Cold 
Metals (Sur des 
Académie 
es Comptes Ren rus (Paris), vol. 
Jan. 20, 1930, 168-170, fig. 
irison between mechanical properties 


aged at 15 deg., 175-180 and . ) 5 dd 

marked curves are given 
showing etfect successive heat treatments 
for min. and hr. 220-230 deg 


steels 


NICKEL ALLOYS 

CASTINGS Nickel Casting Alloys 
MeNeil. Industry (Lon 
no. 10, Mar 1930, pp. 275 

Physical properties nickel brasses and 
nickel silvers are considered; founding; 
hivh nickel-copper allovs; founding; nickel 
chromium alloys 
(To be concluded. ) Papet presented before 
Co-ordinating Committee Birmingham. 


NICKEL STEEL 

PHYSICAL PROPERTIES The Ther 
Study Elinvar Spring the Galitzin 
Vertical Seismograph Kew Observatory, 
(Lond.), vol. no. 12, Dec. 1929, pp. 

order overcome disadvantage, 
mograph Kew Observatory; after loading 
spring, remained 
several months; moreover rate creep was 
dependent temperature after making due 
allowance for these effects was found that 
temperature coeflicient elastic constant 
elinvar spring was about one-tenth 
spring. 


“crete 


NITRIDATIO 

Nitrogen Hardening. (Supp. 
Engineer, Lond.), Mar. 1930, pp. 33-34. 

hile making 
amount headway this seems 
stricted some features process and its 
product they now stand; advantages are 
ideal conditions from point of view of in 
production, but they are 
certain extent fact that process 
relatively very lengthy; 
limited uses where hardened article not 
exposed any violent shock; 
ing process are briefly indicated, 


process 1s 


METALS, LIGHT 
Vetallurgia (Manchester), vol. 
Dec. 1929, pp. 99-60 and 64. 
Aluminum and magnesium form basis 
fected properties these alloys and they are 
now extensively used basis; 


compositions of best-known alloys have not 
rapidly coming into favor; 
protect against 


PIPE, CAST IRON 

Chem., vol. 22, no. Apr. 1930, pp. 

Cast-iron pipes that have been 
soils vicinity New Orleans are suscep 
tible to type of corrosion due to electrolytic 


: 
I 
1 
th 
20 
ed 
; 
al 
pat 
nt 
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currents; study has been made determine 
source these currents; current densities 
discharge surface pits have been 
determined both method used Bureau 
ot Standards and by potential tangent 
method; this method current density 


peres per sq. ft. 


PIPE, WELDED STEEL 

TESTING. Properties Elec- 
Welded Steel Tubing, Whitte- 
more, Adelson and Seaquist. 
vol. -4, no. Apr. 1930, pp. 475-500, 

Report tests longitudinally welded 
sheet-steel tubing, 5/8 in. diam.; 
welds were submitted hydrostatic test. 
tensile test welds circumferential strips, 
torsion test, and axial crushing test; gen- 
erally properties base metal used 
determining working stresses, allow- 
ance being. necessary for altered structure 
and adjacent .to weld. 


PRESSURE VESSELS 

ELECTRIC WELDING. Welding 
Large Boiler Works. Engineer (Lond.), 
vol. 149, no. 3872,.Mar. 28, 1930, pp. 344 
345, figs. 

Particulars English Electric welding 
installation Thompson Bros. tank shops 
Bilston; exampies are given welding 
chemical vessel tested pressure 1500 
lb. per sq. in.; and welded rotary drier; in- 
stallation composed welding sets, 
each consisting 10-hp. 
duction motor coupled weld- 
ing capable giving from 250 
300 amperes volts. 


PROTECTIVE COATINGS 

Coating Iron and Steel (Die Alumetierung 
von Eisen Zeit. die 
no. Jan. 12, 1930, pp. 9-10. 

Method described devel- 


oped metal-spraying process, which mate-. 


rial first sprayed with aluminum layer, 
then covered with airtight substance and 
finally heated high temperature; mention 
also made so-called which 
first process that alumi- 
num layer added coating other metals, 
order prevent oxidation aluminium. 


RAILS, MANGANESE STEEL 

Why Intermediate Manganese Steel 
Rails Fail? Morran and 
Mooney. Age, vol. 88, no. 10, Mar. 
1930, pp. 595-598, figs. 

Discussion investigation head failures 
rails undertaken Hunt Com- 
pany; table giving chemical analysis new 
and failed rails; table physical character- 
istics six specimens tested. 


REFRACTORY MATERIALS 

Refractory Materials, Presswood. 
(Manchester), vol. nos. 
and Nov. 1929, pp. 15-16, Dec. 1929, 


pp. 81-82, and Jan. 1930, pp. 


hgs. 


Importance refractories met 
selection use; furnace 
stitute serious item 
properties refractory materials 
Dec.: Examination refractories 
oratory; chemical analysis; physical tests: 
under-load test. Jan.: Expansion tests: 
mechanical strength; resistance abrasion 

TESTING. Tests and Specifications. for 
Refractory Materials North America 
(Pruefverfahren 
feuerfeste Erzeugnisse Nordamerika), 
steger. Tonindustrie-Zcituna (Berlin), 


53, nos. 93, 98, 100, 102-103 and 104, Noy. 
1929, pp. 1638-1640, Dec. pp. 1722 
1724, Dec. 16, pp. 1753-1755, Dec. 23, pp. 
1786-1790, and. Dec. 30, pp. 1812-1814, 
figs. 

Nov. 21: Testing for 
alent. Dec. for porosity 
manent volume changes. Dec. 16: Resist 


ance fireclay brick thermal spalling, 
Dec. 23: Clay firebrick for stationary 
Dec. 30: Specifications for plastic 
refractories. 


SCRAP METAL 

Scrap Institute Adds Program. Tron 
Age, vol. 125, no. 11, Mar. 13, 1930, pp. 
797-798. 

Account meeting Chicago Insti 
tute Scrap Iron and Steel; resolution was 
adopted expressing disapproval ‘any de- 
parture from open competitive bidding and 
tair awards marketing scrap produced 
railroads; specifications for 
ing; mergers industry are urged; code 
violations considered. 


SHEET METAL 

TESTING. Dilatation (Die 
Dehnung von Sachs and 
Stenzel. Mitteilungen der 
Materialpruefungsanstalten (Berlin), no. 10, 
1930, pp. 58-68, figs. 

Results tests sheet-metal bars 
5.0, 2.0, and 0.5 mm. 
tests with bronze bars; influence frac 
ture; practical significance results. 


SHEET MILLS, CONTINUOUS 

Straight-Line Making Sheets, 
Jron Age, vol. 125, no. 15, Apr. 
10, 1930, pp. 1064-1065, figs. 

Layout sheet mill Newton Steel Co., 
Monroe, Mich., which utilizes mechanical 
handling devices for 
of sheets. 


SHEET STEEL TESTING 

Hardness Tests Steel Sheets Aid Pro 
Rev., vol. 86, no. 13, Mar. 27, 1930, pp. 

Suggested method steel 
sheets drawing quality; has been found 
that laboratory investigation drawing 
qualities automobile body stock more 
accurate than press-room operation. 
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assers auf Anstriche), Baerenfaenger. 
Zeit. (Berlin), vol. 74, no. 12, Mar. 
1930, pp. 373-374, figs. 
pp. plate. 
atory City Kiel reports observations 
ship bottoms due rusting 
tuberculation; review measures 
coatings. 
STAINLESS STEEL 
(Manchester), vol. no. 
1929, pp. 17-20. 
Comparison resistance ordinary mild 
eel, per.cent chromium steel, and some 
mium-nickel steels variable chromium 
nickel contents; tabular analysis and re- 
corrosion tests with nitric, phos 
iography. 


Corrosion-Resisting Steels and Their Ap- 
Steel Industry (Lond.), no. Feb. 
1930, 149-154, figs. 

Influence workshop processes me- 
chanical properties and corrosion resistance. 
(Continuation serial.) 

MACHINING. Machining Stainless 

ester), vol. 1, no. 2, Dec. 1929, pp, 74- 
77, figs. 

Essentials for satisfactory machining are 
rigidity cutting tool, and use suitable 
cutting tool, which must good high-speed 
steel; turning, drilling, milling, sawing, fil 
ing, and tapping are 

STEEL 

TEMPERATURE EFFECT. The 
Strength Steel High Temperature, 
Jordan. Heat Treating and Forging, 
vol. 16, no. Feb. 1930, pp. 182-184. 

Review recent investigations 
steel under stress when subjected 
ontinuously high temperatures. 

TEMPERATURE EFFECT. Creep 
Simple and Compound Stresses, 
Bailey. Engineering (Lond.), vol. 
129, nos. 3345 and 3347, Feb. 21, 1930, pp. 
and Mar: pp. 327-329, figs. 

made upon steel tubes strained separately 
same temperature tension and torsion 

ducing equal maximum shear stress; other 
vas lead pipes under internal 

ressure with superimposed axial -loading. 
Paper read before World Power Conference, 


STEEL CASTINGS 
HEAT TREATMENT. Continuous 
Equipment for Heat-Treating Steel Castings, 
Apr. 1930, pp. 475-478, figs. 
oil-fired, pusher-type fur- 
ces used steel castings; 
1650 deg. fahr., quench-in air and 
raw 1225 deg. fahr. 


STEEL HEAT TREATMENT PLANTS 


Commercial Heat Treating 


Plant. Heat Treating 
no. Mar. 1930, pp. 331-335, figs. 
New plant Sindling Steel Treating Co., 
Chicago, described; routing sate 
guarding. operations; tool department; 
nitriding department; cyaniding, sand 
blasting, tumbling, lead baths; inspection 
department; materials-handling 


STEEL INGOTS 

SEGREGATION. Crystallization 
Segregation Phenomena 1.10 Carbon-Steel 
Ingots (Kristallisations och segringsfenomen 
1-10 Hultgren. Jern- 
kontorets Annaler (Stockholm), vol. no. 
1930, pp. 95-155 and (discussion) 155- 
158, figs. supp. plates. 

Springfield plant, steel melted elec- 
cent carbon steel, 0.20 per cent Si, 0.30 
per cent Mn, 0.013 per cent and 0.009 
per cent supplement discusses prepara 
tion and etching ingot sections. 


STEEL MANUFACTURE 

Lister. Metallurgia (Manchester), vol. 
nos. and Dec. 1929, pp. 79-80, Jan. 
1930, pp. 103-104 and Feb. 1930, pp. 158 
160 and 165, figs. 

Dec.: Charging and melting; acid: cold 
charge; basic .cold charge; 
charge Working down; 
acid charge; basic cold, hot, electric 
charge. Mold stock; pit casting; steel 
molds; care molds. (To continued.) 


Modern Developments Plant for the 
Manipulation Steel, T..W. Hand. Metal 
lurgia (Manchester), vol. no. Feb. 
1930, pp. 

Vital importance mechanical equipment 
progressive development use iron 
and steel; comparison British and 
can practice. Extract from paper 
fore Sheffield Soc. Engrs. and Metal 
lurgists. 

BASIC. into the Course 
Manganese and Phosphorus Reactions the 
Process 
suchungen ueber den Verlauf der Mangan 
und Phosphorreaktionen bei 
Schenck. 
Kruppsche Monatshefte (Essen), vol. 11, 
nos. and 2-3, Jan. 1930, pp. 1-23 and 
Mar. 1930, pp. 29-38, figs. 

Author discusses question whether chem 
ical equilibrium bath and slag reached 
time available; describes 
making tests metal 
furnaces and from 
conditions for equilibrium manganese re- 
actions and phosphorus reactions and laws 
governing equilibrium these reactions. 

BESSEMER Case for 
Bessemer Steel. Engineering (Lond.), vol. 
129, no. 3350, Mar. 28, 1930, pp. 413-414. 

Whatever the reason for gradual abandon- 
ment converter United Kingdom, view 
that bessemer process obsolete and gener- 
ally unsatisfactory not shared rival 
metallurgical firms foreign countries; iron 
ore high phosphorus, suitable for manu- 
facture phosphoric pig demanded basic 
bessemer process, found various 
parts Great Britain, and 
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hessemer steel could be made in Great 
Britain and sold figure comparing favor 
ably with price Continental material. 


PROCESS. Practice Mak- 


ing Steel, Carlin. lron 
125, no. 13, Mar. 27, 1930, pp.. 925 


usually tilting Talbot furnace 
tons capacity; certain refinements have 
been developed recently and process 18 Now 
capable producing steel any carbon 
regular basic open-hearth process; character 
istics slag; charge. 


MUSSO PROCESS. The’ Musso Steel 
vol. 51, no. 11, Mar. 14, 
1930, pp. 242-245, figs. 

Musso process provides for manufacture 
purification oft sponge iron and its con 
version to. steel; description of process; 
teatures construction; chemical reactions; 
concentrating and melting iron; 
with capacity about tons steel ingots 


RESEARCH. The Physical Chemistry 


Steel-Making: Deoxidation with 
the Basic Open Hearth Process, . H. 
Stewart. Vin. and Met. Investigations 


Cooperative Bul., 38, 1930, 172 
figs. 

Why deoxidation necessary; oxygen 
steel; functions deoxidizer; 
deoxidation with silicon; determina 
tion non-metallic content steel 
data and graphs results obtained all 
heats. studied: discussion 
enumeration of conclusions drawn as result 
experiments, carried out 40, 90, 


and 


STEEL METALLOGRAPHY 

Steel, Cammen. Am. Soc. Steel 

Trans., vol. 17, Apr. 1930, 563 

According new theory steel consists, not 
aggregation with amorphous 
cement between, but matrix 
tremely fine crystalline matter (so fine that 
even most powerful microscope does not dis 
close its structure), which are embedded 
now visible crystals same presumable com 
position matrix material; theory 
to explain why, at room temperature, steel 
breaks through crystals through 
cement. 


TENSILE. Tensile Properties Rail 
and Some Other Steels Elevated Tem 
perature, Freeman and Quick. 
vol. no. Apr. 1930, pp. 549-591, 
figs. 

Study ductility steels temperature 
range 400 700 deg. cent. showed marked 
decrease elongation and reduction area 
values, 


and when quenched water; shatte 


temperature 


cle Ve loped 


STRIP MILLS 
Completes 
Pletcher. 
Description continuons 
Riverdale, 


widths of 


are provided 
and gages down 0,025 in, 


being rolled 


Flexibility, 


Foremost 
Riverdale, 


equipped 


extensions 


TOOL STEEL HARDENING 

Phenomena Occurring 
ening. and the Hardening Tool Steel 
Arbeitsstaehlen), 


Heating and cooling curves are presented; 
state and solidification diagram: 
diagram; 


diagram 
hardening diagram; 


annealing; application rock drill 


TOOL STEEL QUENCHING 


experiments 
produced quenching prisms 
various lengths 


deformation 


steel; cause of this deformation 
comparing with that iron; war 
tion and warping 


structural 


difference 


specimens, 
English. 


Thick-Walled 
Properties 
(Untersuchungen kaltgereckten, 
dickwandigen 
Beruecksichtigung 
Werkstoffeigenschaften), 
unden aus dem fuer 
(Duesseldorf), 


thick-walled 
calculation stresses such cylinders for 
materials; 
specimen 
chromium 
unalloyed steel. 


; 
brittle range. 
unit 
W hic h | 
produce 12,000 tons monthly 
narrow widths and strip 
Age, vol. 125, no. 12, Mar. 20, 
1930, 846-850, figs. 
hot 
Acme Steel Co., use two-high stand 
rolls that are true cylinders; 
instead rolls necks, roller 
surtace. 
nos. and 44, Oct. 24, pp. 607-610, 
and Oct. 31, pp. 620-623, 
bon steel, special tool steel, or high spec ; 
TUBES 


REVIEWS RECENT PATENTS 


Reviews Recent Patents 
NELSON LITTELL, Patent Attorney 


March 25, 1930, Core and Process Forming the Same, 
Leasman, Milwaukee, Wisconsin. 
This patent relates binder for producing foundry cores sub 
ual fumes and undesirable Such binder preferably 


odium phosphate suspended water. 


March 1930, Method Forming Articles 
Aluminum-Base Alloys, William Winter, Parnassus, 
Pennsylvania, Assignor Aluminum Company America, of. Pitts- 
burgh, corporation Pennsylvania. 

luminum-base alloys which includes heating the alloy sheet cause 

irdness and strength: A-very substantial certain 
the physical claimed heating the sheet increase the 


olution the soluble constituent the alloy. 


April 1930, Process for Changing the Properties Sili- 
con John Clarence Karcher, Montclair, New Jersey; Assignor 
Western Electric Company, Incorporated, New York, Y., 


corporation New 

This invention relates for changing the. properties 
steel and particularly describes the process heating the 
steel high temperature and cooling quickly medium tem 
erature rate approximately degrees Cent. per minute and 
hen cooling the steel slower than water quench, 

open air. 


~ 


April 1930, Pen-Point Alloy; 1,753,162, April 1930, 
Alloy, John Woodward New York, Y., Assignor Kastenhuber 
Lehrfeld, New York, Y., Partnership Charles Kastenhuber, 
William Lehrfeld, and Hugo Lehrfeld. 
These patents alloy, for use pen-points, 
nickel, tungsten.and subsequent treatment with 
his brought about dissolving the tungsten nickel and 
treatment with osmium the pen The alloy comprises 
proximately per osmium, per cent platinum and 


° 
> 
; 
{ 
| 
} 
| 
1 
I 
q 
By 


1,754,374, April 15, 1930, Annealing Pot, Robert 
Stewart, Chicago, Illinois, Assignor The American Brake Shoe 
Foundry Company, New York, Y.,.a corporation Delaware. 

1,754,423, April 15, 1930, Annealing Pot, Michael 
Racine, Wisconsin, Assignor The American Brake Shoe Foundry 
Company, New York, Y., Delaware. 

These patents all relate improved annealing pots 
larly described patent No. 1,754,372, and shown the figure 


inatter reproduced, the pots provided with integral and 
support and space the pots stack and trunnions 
for convenient handling. This particular construction eliminates numerous 
parts, decreasing the overall height, decreasing the quantity pot 
heated and increasing the fuel economy. 


1,755,554, April 22, Heat-Treated Nickel-Copper-Aluminum Alloy 


and Method Heat Treating the Same; 


1,755,555, April 22, 1930, Manufacture Alloys Copper, Nickel and 


Aluminum; 


1,755,556, April Heat-Treated Alloy; 


1,755,557, April 22, 1950, Copper-Nickel-Aluminum Alloy and Method 
Heat Treating the Same, William Mudge, Huntington, West 
Virginia, Assignor, mesne Assignments, The International Nickel 
Company, Inc., New York, corporation Delaware. 

These patents relate nickel-copper-aluminum particu 
larly heat treatment increase the physical properties and consists 


subjecting the material temperature approximately 1000 degrees 


and cooling pointed out that the supposition that the alloys. 


approximately per cent aluminum were considered. true solid solu 
tions and that normally the heat treatment would not cause the noted 
results fallacious. The present theory that these-alloys are not true 
solid solutions and. that heat treatment between 600 degrees and 


ties. 


April 22, Process Producing Phosphate Coating 
Metal, Matthew Green and Van Darsey, Detroit, Michigan, 
Assignors Parker Rust-Proof Company, Detroit, Michigan, cor- 
poration Michigan. 


This patent relates phosphate: coating for metals and particu 


larly discusses method which the coating can produced 
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REVIEWS RECENT PATENTS 


more the present invention two baths are pro 
new The use preliminary bath great strength reduces 
time from normal half one-quarter that usually 


April 22, 1930, Pickling Apparatus, Stephen Williams, 
Bridgeport, Ohio, Assignor Extruded Metal Products Company, 
Bridgeport, Ohio, corporation Ohio. 

patent pickling bath and apparatus 


one being provided with gear over which chain 
chain is. provided with sufficient slack form the loop which 
the apparatus pickled deposited. second loop insufficient 
reach the bottam the second tank simultaneously but alternate 
rotation the each batch will-be introduced 


olution, 


1,755,812, April 22, 1930, Inhibitor Material, Ludwig Christmann, 
Jersey City, New Jersey, Assignor American Cyanamid Company, 
New York, Y., corporation Maine. 

invention relates methods cleaning pickling metals 
subjecting acid bath and particularly discusses ‘an 
nhibitor which prevents the action the acid the metal after has 
cleaned the from the surface. 


lar inhibitor disclosed herein contains small amount 


diphenyl general, unnecessary use more than 
per cent; usually one-tenth per cent sufficient. With such 


hibitor less than per cént the usual.loss due the acid takes place. 


Error Corrected 
page 731 May issue TRANSACTIONS appeared review 
inted Frederick Becket Feb. 25, 1930, and noted Patent No. 
review correct respects excepting the patent number which should 
Ve been Patent No. 1,748,750. 
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News the Society 


THE COMING CONVENTION AND EXPOSITION 


REPARATIONS for the most attractive National Metal Congress ever 

held are rapidly being pushed completion. Floor plans have been 
drawn; exhibitors have. signed contracts; and space has been assigned 
the immense and beautiful rooms Hotel Stevens. 

The week September 22, 1930, will see the Stevens filled with 
leaders the metal industries, gathered for mutual benefit the Con- 
gress and Exposition. Other societies which are cooperating with the 
American Society for Steel Treating will have their headquarters else- 
where the city. 


The program papers will have one feature this session 
sales, scheduled for Thursday, September again play 
prominent role the technical program. The enthusiasm accorded 
the nitriding symposium held convention has stimulated 
the Publication Committee schedule several papers new phases 
the subject. total eight technical sessions, exclusive the annual 
meeting and the sales session, are the program. The Campbell lecture 
will delivered the annual meeting Wednesday, September 24th, 
Marcus Grossmann, metallurgical engineer the Republic Steel Cor- 
poration, successor the Central Alloy Steel Cerporation. The subject 
his paper has not yet been 


VOLUME XVII COMPLETED 


HIS issue completes: Volume XVII, which covers the 

period from January, 1930, through June, 1930. for Volume 
XVII now ready for distribution and may secured upon request. 

accordance with the style used binding Volume XVI, inclusive, may 
forwarding them the executive -office the society, 7016 Euclid 
Avenue, Cleveland, together with $2.00 per volume, and they will bound 
and returned promptly. 
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Crankshaft 


Must Stand 100 
Miles Hour! 


This 


NCREDIBLE speed heart- 

breaking grade. Throttles wide 
open. bumpy road. Punishment— 
day and day cars that 
dare brave the rigid tests the 
proving ground! 


The run ends. Eager hands lift the 
hood. hundred trained ears listen for 
strange noises. hundred observant 
eyes peer into the throbbing mecha- 
nism. Check-measure. Check- 
scores delicate instru- 
ments performing the routine 
seemingly endless parade inspection. 
Ordinary metals are not strong 
enough nor tough enough 
weather this relentless testing. 


The crankshaft that must 
hundred miles hour would im- 
possible without expert metallurgical 
advice, assistance and planning. 


Agathon Alloy Steels are produced 
America’s largest and most highly 
specialized alloy mills. Central Alloy 
Steel Corporation maintains staff 
famous metallurgists help you with 
your advise you; create, 
necessary, new alloys serve 
your purpose. 


Let these specialists assist you. 
noteon will sufficient 
arrange meeting. And the 
service gratis, course. 
Investigate, now. 


Central Alloy Steel Division 


REPUBLIC STEEL CORPORATION 


AGATHON ALLoy STEELS 


YOUNGSTOWN, 


mean: 
This 

Hough 
170 


carbur 
Har 


desir 


thi 


T’S ALLOY STEEL SEE 
| 


purse. 


the 


LIQUID HEAT 

means non-decarburiz- 
This product will neither 
nor decarburize the 
Houghton’s Salt Bath 
1700 


SURFACE 
BLOCKS 
blocks which 
1200 and are usable 
The bath has 
carburizing action and 


hard, tough case. 


7 


SURFACE 
POWDER 
powdering the 
Hardening Blocks, 
intended for use where 
powdered form 
for sprinkling 
thin but very hard 


ADVERTISING SECTION 


When writing Houghton Co., please mention TRANSACTIONS 


‘ 

ighly : \ Y Phe 


AMERICAN SOCIETY for STEEL TREATING 


The object the Society shall promote the arts and sciences connected with either 
the manufacture treatment metals, both.—Constitution T., Art. II. 
Officers and Board Directors 
GUTHRIE, President WATSON, Vice-President 
Peoples Gas Light and Coke Company Hupp Motor Car Corporation 
Chicago Detroit 
ORAM FULTON, Treasurer EISENMAN, Secretary 
Wheelock, Lovejoy and Company 7016 Euclid Ave. 
Cambridge, Mass. Cleveland 


DIRECTORS 
DR. ZAY JEFFRIES, Past President 


Aluminum Company America 


Cleveland 
Engineering Foundation University Minnesota 
39th St., New York Minneapolis 
Pratt and Whitney Company W.. Coleman and Company 
Hartford, Conn. Philadelphia 
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Chicago Detroit 
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1930 SUSTAINING MEMBERS 


SUSTAINING MEMBERS 
lhe following firms and individuals, because of exceptional mterest i the 


work the have contributed not less than $25.00 


NATIONAL 


ALLEN CO., LTD., EDGAR, Woodward......... England 
COLUMBIA TOOL STEEL CO., Arthur Clarage, Chicago Heights, 
Gt NE Ri AL L OYS H. H. Harris, President 6 . Boston 
BOSTON CHAPTER 
BETHLEHEM SHIPBUILDING CORP., Ashworth, Fore River lant. Quincy, Mass. 
EDISON ELECTRIC CO., Faden, Ind. Heating Engineer. Boston 
{AWKRIDGE BROTHERS CoO., L. D. Hawkridge, Vice-President... -, Boston 
MFG. CORP., Harrington, Boston 
MASSACHUSETTS INSTITUTE TECHNOLOGY, Cambridge, Mass. 
NEW ENGLAND METALLURGICAL CORP., Bach, President............ Boston 
UNITED SHOE MACHINERY CORPORATION Beverly, Mass. 


WILSON-CUTLER COMPANY, Fred Mass. 


BUFFALO CHAPTER 
SPENCER STEEL CO., Buffalo 


ORTHINGTON PUMP AND MACHINERY CORP., Buffalo 


CANTON-MASSILLON CHAPTER 
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CHICAGO CHAPTER 


ACCURATE STEEL TREATING CO., Barker, 
DANLY MACHINE SPECIALTIES, INC., Philo Danly, Vice-President...... 
GOSS PRINTING PRESS CO., Brueshaber, 2nd Chicago 
HUBBARD STEEL. FOUNDRY CO., Harry Chicago, Ind 
INGALLS-SHEPARD DIVISION WYMAN GORDON CO. ......... Harvey, 
LINDBERG STEEL TREATING CO., Lindberg, Chicago 
PEOPLES GAS LIGHT COKE Theo. Chicago 
PUBLIC SERVICE CO. NORTHE Emerson Armstrong. 
PUBLIC SERVICE CO. NORTHERN. ILLINOIS, Chicag 
STROM BALL CO.. R.-H. Coolidge, Vice-President. Cicero, Ill 
AMERICA ROLLING MILL CO., Lundeen..... Middletown, 
CINCINNATI BICKFORD TOOL CO., Tuechter; Pres Cincinnati 
DRESSES MACHINE TOOL CO., Charles Gilbert, Pres. and Gen. 
KIECHLER MFG. CO., THE, Wm. Cheeseman, President................ Cincinnati 
CLEVELAND CHAPTER 
ALLOY STEEL THE, Walter Dorsey, Works Manager........ Marion, 
CASE HOOL APPLIED SCIENCE, Dept. Met. Min. Engr. ....... Cleveland 
CLEVELAND PUNCH SHEAR WORKS CO., Harold Sayle............ Clevelan 
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SUSTAINING MEMBERS 


COLUMBUS GROUP 


BUCKEYE STEEL CASTINGS Spe Columbus, Ohio 
COLUMBUS BOLT WORKS, D. F. Julian, Rep. Columbus, Ohio 


DAYTON CHAPTER 


DAYTON FORGING HEAT TREATING CO., Chas. Hewitt, Ohio 

DAYTON POWER CO., Hutchings Dayton, Ohio 

DURIRON CO., INC., Dayton, Ohio 

NATIONAL CASH REGISTER COMPANY, THE, EK. ( Carter., Dayton, Ohio 
EATING CO., THE, Harry 


HEAT 
OHIO STEEL FOUNDRY CO., Jesse 


Dayton, Ohio 
WORDEN WHITE CO., Dr. 


Springheld, Ohio 
Dayton, Ohto 


DETROIT CHAPTER 


TEMPERATURE 


CONTROL Smart Detroit 
BLAICH ALFRED O., J. A. Howiland...... Detroit 
CANADIAN BRIDGE CO., LTD., THE, Andrew Walkerville, Ontario, Canada 
CENTRAL ALLOY STEEL Arthur Schaeffer, Dist. Sales 
COLUMBIA STEEL Thos. Booth Detroit 
COLUMBIA CO., Alex Luttrell, Dist. Detroit 
‘HEMICAL CO., C. L.. Loudenback .. Detroit 
DRIVER-HARRIS Blythe, Dist. Mgr...... Detroit 
LUDLUM STEEL Polhemus, Dist. Detroit 
MELLING FORGING CO., Lansing, Mich 
PITTSBURGH CRUCIBLE STEEL CO., Noble.. 
ROESSLER HASSLACHER CHEMICAL Alfred Stepan, Dist. 
STEEL CITY TESTING LABORATORY, Weaver.: Detroit’ 
TREATING EQUIPMENT Nixon, President.......... Detroit 
COMBUSTION COMPANY, Phillips..... Toledo, Ohio 
SURFACE COMBUSTION COMPANY, Henry .M. Detroit 
SWEDISH CRUCIBLE STEEL Allen, Rep.... Detroit 
VANADIUM ALLOYS STEEL CO., Herbert Bray Detroit 
WEAVER BROTHERS CO., THE, Weaver....... lrian, 


WAYNE GROUP 


GOLDEN GATE CHAPTER 


CAN CO., Oscar Malmquist, Supt., Machine Shop San Francisco 

FORGE CO., Joseph Eastwood, President San 

SHIP BUILDING CORP., LTD., San Francisco 

SAW WORKS, Myron San Francisco 

CRUCIBLE STEEL CO. AMERICA, James Ward... 
SCOTT MOTOR CAR CO., Mapes 
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LUDLUM STEEL CO., George Batten, Sales San Francis 
PACIFIC COAST STEEL So. San Francisco, Calif. 


HARTFORD CHAPTER 
COLUMBIA STEEL SHAFTING.CO., Booth, Rep. Hartford, Conn 
CRUCIBLE STEEL CO. AMERICA, Fred New Haven, Conn. 
CRUCIBLE STEEL COMPANY AMERICA, Richardson Hartford, 
HARTFORD ELECTRIC LIGHT CO., Lewis Hartford, Conn. 
NEW DEPARTURE MFG. CO., (Plant A), Carl Bristol, 
NEW DEPARTURE MFG. CO., (Forge Plant), Bristol, Conn. 
PRATT WHITNEY AIRCRAFT CO., Andrew Wilgoos.............. Hartford, Conn. 
STANDARD STEEL BEARINGS, INC., James Melson, Gen. Conn. 
STANLEY WORKS, Malcolm Farmer, and Gen. Mgr, ....New Britain, Conn. 
UNDERWOOD COMPUTING MACHINE Otto Thieme........... Hartford, 
UNIVERSAL STEEL CO., Singer, Dist. Mgr. ........ Windsor, Conn. 
INDIANAPOLIS CHAPTER 
CRUCIBLE STEEL CO. AMERICA, Mayer, Dist. 
DESAUTELS C THE GEO. O., Geo. A. Desautels, Pres. Indianapolis 
MUNCIE PRODUCTS DIV.—GENERAL MOTORS, Thomas.......Muncie, Ind. 
ROSS GEAR TOOL COMPANY, Lafayette, Ind. 
LEHIGH VALLEY CHAPTER 
BIRDSBORO STE FDRY. MACH. CO., Harris..... Birdsboro, Pa. 
INGERSOLL-RAND CO., Metallurgical Departmerit Phillipsburg, 
LEBANON STEEL FOUNDRY, Wheeler, General Manager......... Lebanon, Pa. 
PENNSYLVANIA-NEW JERSEY POWER SYSTEM, Baker........ Reading, Pa. 
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1930 SUSTAINING 
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MILWAUKEE CHAPTER 


COLUMBIA TOOL STEEL CO., Carl Sclieid...... 

HEVI DUTY ELECTRIC Smalley ...... 

WILWAUKEE ELECTRIC RY. LIGHT CO., Coffin.. 

SIVYER STEEL CASTING Peregoy, Vice-Pres 

SMITH CORPORATION, O., Forsberg........ 

HEAT TREATING CO., Thurner........ 

WESLEY STEEL TREATING CO., Charles Wesley, Pres 
MONTREAL CHAPTER 

ALLEN CO., CANADA, LTD., EDGAR, John Schofield 

BALFOUR CO., LTD., ARTHUR, Bradbury........... 

CANADIAN ATLAS STEELS, LTD., McLachlin 


LTD., Winsborro 
Frank 
PRODUCTS CO., 


CANADIAN CAR FOUNDRY 
CANADIAN GENERAL ELECTRIC 
CANADIAN TUBE AND STEEL 


NEW JERSEY CHAPTE 


Thompson... 


1ANFORD IRON WORKS, Falkenstein ....... San Bernardino, Calit 
HERBERTS MACHINERY SUPPLY CO. Los 

UDLUM STEEL CO., Spade, Los Angeles 
REGAN FORGE & E NG INE E RING Co., B. S. Minor San Pedro, Calif 

SOUTHERN CALIFORNIA EDISON CO., Librarian Angeles 
WARMAN STEEL CASTINGS Wild Los Angeles 
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Montreal 
Montreal 
Montreal 
Montreal 
Montreal 


DOMINION IRON STEEL CO., LTD., National Trust Montreal 
HULL IRON STEEL FOUNDRIES, LTD., Coplan. Hull, Canada 
NEW HAVEN CHAPTER 
BELLIS HEAT TREATING CO., Baker............. Conn 
CRUCIBLE STEEL CQ. AMERICA, Dawless, Sales Haven, Conn 
EASTERN MACHINE SCREW CORP., Ryley, Treas......... New Haven, Conn. 
MILLERS FALLS Shortell, Factory Haven, Conn. 
NEW HAVEN CLOCK Chamberlin, Supt. .............. New Haven, Conn 
NEW HAVEN GAS Sterrett, Gen. Mer. New Haven, Conn. 
REMINGTON ARMS INC., Dr. Hutchinson New Haven, Conn. 
SOUTHINGTON HARDWARE William Smith, Gen. Mer. ..Southington, Conn. 
THOMPSON SON CO:, HENRY G., Haven, Conn. 
WATERBURY FARRELL FOUNDRY MACHINE CO. ........... Waterbury, Conn. 


BENNETT INSURED STEEL TREATING CO., Bennett, Rep..... Newark, 
BETHLEHEM STEEL CO., John New York City 
BROWN INSTRUMENT CO., Richard 
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EUROPEAN COLOR CHEMICAL CO., Schmitt Weehawken, 
FRASSE CO., INC., A., Hartshorne...... York Cit 
STEEL CO. Harold Barlow....... New York 
HYATT BEARINGS DIV., GENERAL MOTORS, Frank Weiss..... Harrison, 
JESSOP SONS, INC., WM., Robt. York 
McWILLIAMS FORGE STEEL WKS., Alex ‘Williams, Pres Jersey City, 
NATION LOCK WASHER CO., Conway Jr..... Newark, 
PITTSBURGH CRUCIBLE STEEL CO., Walter Burlingame York 
PRODUCTO MACHINE CO., THE, Emil Bridg report, 
SURFACE COMBUSTION CO., INC., THE, Harry Gurney...... York City 
WARD SONS CO., EDGAR T., Miller ....... Newark, 
WESTON ELECTRICAL INST. CORP., Edward Weste 


STEEL CO. AMERICA, Galbr: Mer. Sales..New York City 
RUSSELL, BURDSALL WARD. BOLT NUT CO., Rigney. Port Chester, 
UDDEHOLM CO: AMERICA, Vice-P resident........... New York City 


NOR’ CHAPTER 


ARROW HEAD STEEL PRODUCTS Bahr, 
ELECTRIC MACHINERY MFG. CO., Widen.......... 
JOHNSTON MFG. CO., Johnston.......... 
MINNE APOLIS ELECTRIC STEEL CASTING CO. 
MINNEAPOLIS HONEYWELL REGULATOR CO., Erick. 
WESTERN CRUCIBLE STEEL CASTING CO., Albert Zima.. Minneapolis 


ONTARIO CHAPTER 


BALFOUR LTD., ARTHUR, Amoss..............Hamilton, Ont., Canada 
BARBER MACHINERY COMPANY, LTD., Leonard Wiertz.Toronto, 

( 


BURLINGTON STEEL CO., LTD., Alfred Oram ....... Hamilton, Ont., 
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ORMAN ENGINEERING COMPANY, Corman 
SPEED Albert Johnstone, Supt 
HYDRO ECTRIC POWER COMMISSION, 
CANADA, LTD., Philip Cooke 


POTTS PAT rERN ACHINE CO., 


ONTARIO RESEARCH FOUNDATION, 


ONTARIO RESEARCH FOUNDATION; Gordon, Ass 


Canada 
( \NADA il | INOILS TOO! Fred Schytte .. Poronto, Canada 
ATLAS. rEELS, LTD., Frederick Tapping Welland, Ont., Canada 
\NADIAN ELECTRIC CO., Keenan Toronto, Canada 
\NADIAN INSPECTION TESTING CO., Robt Deans Canada 
OCKSHUTT PLOW CO., LTD., John Law Ont anada 


anada 
anada 
anada 


Toronto, 
Hamilton,Ont., 
lamilton, 
Canada 
Galt, Ont., anada 
anada 
Canada 
Canada 
Canada 
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Canada 


Toronto, Ont Canada 

Canada 


PHILADELPHIA CHAPTER 


\JAX ECTROTHER CORP., Clamer, Pres 
ENGINEERING CO.. Peck, Rep 
INSTRUMENT CO., George Keller, Sales 
CANN SAUL STEEL CO., David Cann, Pres. 
DELAWARE VALLEY CO., INC. 
DISSTON SONS, INC., HENRY 
FULMER GIBBONS, George Bierschenk 
MIDVALE CO., Joseph DeCray 
PHILADELPHIA ELECTRIC Chas. Russell 
POTTS CO., HORACE Arthur Collins 
ROWLAND, INC., AND 

RYAN, SCULLY COMPANY, Frederick Ryan 

STANDARD PRESSED STEEL CO., Harry Greenwood 

STOKES SMITH CO., Findlay 
rRENT CO., HAROLD Harold Trent 
WIEDEMANN MACHINE Theo. Wiedemann. 
WOOD STEEL ALAN, 


PITTSBURGH CHAPTER 


UMINUM COMPANY AMERICA, Francis Frary.. 
ALLOY STEEL CORP. 
DUQUESNE STEEL FOUNDRY CO., Troutman 
STERLING STEEL Clarke, Dir. Sales 
SCIENTIFIC CO., Fisher, Pres. 
FORT PITT STEEL CASTINGS CO., Corbett 
PPENSTALL 


CO., F., David Richards 


Chester, 
Philadelphia 
Philadelphia 
Philadelphia 
Philadelphia 

Philadelphia 
Philadelphia 
Philadelphia 
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Kensington, 
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McKeesport, 
Pittsburgh 
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McKeesport, Pa 
Manchester, England 
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Pittsburgh 
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NATIONAL, 
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CHAPTER 

HAPMAN VALVE MFG, Indian Mass 

PERKINS MACHINE GEAR Cushman, Springfield, Mass 
PRINGFIELD GAS LIGHT Woods, Gas Mass 
ELECTRIC LIGHT John Springtield, Mass 
STEEL COMPANY, Marvin Singer, Dist. Windsor, Conn 
VANADIUM-ALLOYS STEEL Mass 

LOUIS CHAPTER 
ARVPE NTER STEEL CO., Wm. Potteiger St. 
ELECTRIC Kummings, Mechanical Dept St. Louis 
DAVIS-BORING TOOL CO... J. st. Louis 
STEEL COMPANY, Walter St. 
RYERSON SON, T., Guy Rump. St. 
CULLIN STEEL CO., Doerr, Gen. Supt 
OUTHERN MANGANESE STEEL Williams St. 
LOUIS SCREW & Cth. John Schuck St. 
UNION ELECTRIC LIGHT POWER Carter, Heating Eng 
SYRACUSE CHAPTER 

CRUCIBLE STEEL CO. AMERICA, Capen Syracuse, 


CITY CHAPTER 
| TEND IRE CO., J. W. Bettendorf, Pres 
CHOATE CO., William Donohoo 
WILLIAMS, WHITE CO., 


Ro 


WASHINGTON-BAI 


BLACK DECKER MFG, CO., Henry Kasper...... 
POOLE ENGINEERING MACHINE CO., 
RUSTLESS TRON CORP. AMERICA 


WORCESTER 


AMERICAN STEEL WIRE Helm 

GRINDING MACHINE CO., Hague 
BATH CO., JOHN, John Bath, Pres. 
CURTIS MARBLE MACHINE CO., Albert 
STEEL WIRE CO., INC., Chas. 
MORGAN CONSTRUCTION CO., Johnson, Supt 
NORTON CO., Howard 


Rettendorf, la 
Moline, 
Davenport, 
Moline, 

Cedar Rapids, 


New 


Wore est 


\W ores 
orces 


Worcest 
. Worces 


Worces 
Wor ces 


Baltimore 


City 


Baltimore 
Baltimore 


eT, 


ster, 
iter, 


ster, 
cer, 


ster, 


ter, 


iter, 


Wor cester, 


WYN ‘ STE R GAS I LIGHT CoO A, Hluston . Worcester, 


YORK GROUP 
SYLVANIA GAS ELECTRIC O'Neill 


pir 


Mass 
Mass 
Mas 
Mass 
Mass 
Mass 
Mass 
Mass 
Mas 


q 
i 
h 
wh 
a 
A 
NO 
| 
\ 
- 
: 
ns, Va 
ns, 
N y 
\ 
: 
N 
: 


AMERICAN STEEL TREATING 


Standing Committees 


FINANCE 


FULTON, Chairman Members* 
Wheelock, Lovejoy Co., Bell, Cleveland Clarage, Chicago 
Cambridge, Mass. Zay Cleveland Dillard, Cleveland 


PUBLICATION COMMITTEE 
Members: 


Clair Upthegrove, Detroit Ellis, Ontario 


Coleman, Philadelphia Cone, New York, 


CONSTITUTION AND BY-LAWS COMMITTEE 


Members: 


Chairman Sam Tour, Batavia '31 Handy, Boston 
Halcomb Steel Co. Sisco, New York Matthews, Rochester 


RECOMMENDED PRACTICE COMMITTEE 
Members: 
MERTEN, Gen. Chairman Osterman, New York 


Westinghouse Elec. Mfg. Co. Adams, Philadelphia 
EDWARD DONNELLAN, Secy. Fort Wayne 
Ave., Cleveland Llewellyn, New York 
Rh. Case, Detroit 
Archer, Cleveland '30 


JOINT COMMITTEE HEAT 


Sub-Committees 


HEAT TREATMENT TOOL STEEL 
Members: 
Chairman Beeken, Jr., Pittsburgh DuRay Smith, Pittsburgh 


Vanadium-Alloys Steel Co. Phillips, Pittsburgh Joseph Taylor, Pittsburgh 
Latrobe, Pa. Johnson, Pittsburgh Succop, Pittsburgh 
Frank Garratt, Pittsburgh Cox, Pittsburgh 


Hoffman, Pittsburgh 


HARDNESS TESTING METALS 
Members: 


Crucible Steel Company America Davis Brumfield 


*The numerals following each name indicate his term 
that Committee expires December the year expressed. 
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Chapters and Officers 


BOSTON CHAPTER Secy-Treas., 

Massachusetts Institute Technology, 
FORT WAYNE GROUP 

Saco-Lowell Shops, Biddeford, .Me. 

1529 Ave., 

Fort Wayne, Ind. 

Chairman, 116 East Lexington Ave., 
Donner Steel Co., Buffalo, Fort Wayne, Ind. 

Pratt Letchworth Co., 


GOLDEN GATE CHAPTER 
Pratt Letchworth Co., American Rolling Mill Co., 
Buffalo, San Francisco; Calif. 
CASE GROUP Hall-Scott Motor Car Co., 
Chairman, Berkeley, Calif. 


2114 Stearns Rd.,.Cleveland. 
Fraser, Secy.-Treas., 


2114 Stearns Rd., Cleveland. Chairman, 
Landers-Frary Clark, 


CANTON-MASSILLON CHAPTER New 


Britain, Conn. 

Roller Bearing Co., Firth-Sterling Steel Co., 
Canton, Hartford, Conn. 

Secretary, 
Central Alloy Steel. Corp., 
Canton, Ohio. INDIANAPOLIS CHAPTER 

Timken Roller Bearing Co., 1125 Massachusetts Ave., 
Canton, Ohio. Indianapolis. 

CHICAGO CHAPTER 1045 Main St., Speedway, Indianapolis 


Treasurer, 


Chairman, 1545 North Gale St., Indianapolis. 


Great Lakes Forge Co., 


Chicago. 

Comstock, Secy.-Treas., LEHIGH VALLEY CHAPTER 
Peoples Gas Light Coke L.. Chairman, 
Chicago. Bethlehem Steel Co., 

Bethlehem, Pa. 

CINCINNATI CHAPTER Doan, Secy.-Treas., 

Chairman, Lehigh University, Bethlehem, 
Cincinnati Milling Machine Co., 
Cincinnati. 

Tool Steel Gear Pinion Co. Chairman, 


Ludlum Steel Company, 


Cincinnati. Los Angel 
= OS greies, 


Chairman, Hughes Tool Company, 
Ludlum Steel Co., Cleveland. Alhambra, 

Cleveland Electric Co., MILWAUKEE CHAPTER 

Chain Belt Co., Milwaukee. 

COLUMBUS CHAPTER Ray Secy.-Treas.; 

Curistin, Chairman, Wesley Steel Treating Co., 
Columbus Bolt Works Milwaukee. 

Columbus, Ohio. 
MARSHALL, Secy. Treas., MONTREAL CHAPTER 


Metallurgical Engineer, 


168 Clinton St., Columbus, Ohio. 


McGill University, Montreal, Canada. 
DAYTON CHAPTER Box 192, Station 


Kennepy, Chairman, Montreal, Canada. 
National Cash Register Co., Baxter, Treasurer, 
Dayton, Ohio. The Crane Co., Montreal, Canada. 
Dayton Power Light Co., NEW HAVEN CHAPTER 
Treasurer, New Haven Clock Co., 
Frigidaire Corp., Plant No. New Haven, Conn. 
Dayton, Ohio. Secretary, 
Standard Oil Co. New York, 
DETROIT CHAPTER New Haven, Conn. 
Hudson Motor Car Company, Wallace Sons Mfg. Co., 


Detroit. Wallingford, Conn. 
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TERSEY CHAPTER 

Chairman, 
Insured Steel Treating Co., 
Newark, 
Secretary, 
Firth-Sterling Steel Co., 
Treasurer, 
369 Grove St., East Orange, 


New York City. 


NEW YORK CHAPTER 

Steel Corp. Res. Lab., 
Kearny, 

E. W. Bliss Brooklyn, N 


NORTH WEST CHAPTER 
Chairman, 
Supt., Bureau Mines, 
Minneapolis. 
Secy.-Treas., 
Manufacturers’ Assn. 
Minneapolis. 


NOTRE DAME GROUP 

Moorz, Chairman, 
Chemistry Hall, 

Notre Dame, Ind. 

ust Secretary, 
Studebaker St., 
South Bend, Ind. 

Treasurer, 
832 St. Louis Blvd., 
South Bend, Ind. 


ONTARIO CHAPTER 

Davis, Chairman, 
International Harvester Co., 
Ont., 

Secretary, 
Flexible Shaft Company; 
Ontario, Canada. 

Davis, Treasurer, 
Consumers’ Gas Company, 
Ontario, Canada. 


PHILADELPHIA CHAPTER 

Henry Disston Sons Co., 
Philadelphia. 

407 Shoemaker Rd., 
Elkins Park, Pa. 


PITTSBURGH CHAPTER 
Chairman, 
Bessemer Bldg., Pittsburgh. 
Secy.-Treas., 
Box 521, No. Sta., Pittsburgh. 


RHODE ISLAND CHAPTER 

Chairman, 
Rhode Island Tool Co., 

Secy.-Treas. 
Providence Gas Co., 
Providence, 


ROCHESTER CHAPTER 
Chairman, 
Speed Hammer Co., 
Norton St., Rochester, 
Secy.-Treas., 
earch Bureau, 
istman Kodak Co., Rochester, 


CHAPTERS AND OFFICERS 


Chapters. and (continued) 


GROVER Secy.-Treas., 


ROCKFORD CHAPTER 

Chairman, 
Rockford Screw Products 
Rockford, 

Secy:-Treas., 
700-702 Race St Rockford, 


SCHENECTADY CHAPTER 

James Chairman, 
American Locomotive Works, 
Schenectady, N 

Hicks, Secy.-Treas., 
American Locomotive Works, 
Schenectady, 


SOUTHERN TIER CHAPTER 

Chairman, 
Kennedy Valve Mfg. Co., 
Elmira, 

Secy.-Treas., 
617 
Binghamton, 


SPRINGFIELD CHAPTER 

Chairman, 
Gilbert Barker Mfg. Co., 
Springfield, Mass. 

Secy.-Treas., 
Springfield Gas Light Co., 
Springfield, Mass 


ST. LOUIS CHAPTER 

Grosvenor, Jr., Chairman, 
Laclede Steel Co., Alton, 

Secy.-Treas., 
2317 St. Louis. 


SYRACUSE CHAPTER 
Chairman, 
Syracuse Lighting Co., Syracuse, 


Richmond Ave., Syracuse, 


TRI-CITY CHAPTER 
Chairman, 
Power Co., Moline, 
GARNET Secy.-Treas., 
Franks Foundry Corp., Moline, 


WASHINGTON-BALTIMORE CHAPTER 
Crown Cork Seal Co., Baltimore. 
ANGELL, Secy.-Treas., 
Naval Gun Factory, Washington 


WORCESTER CHAPTER 
Cart Chairman, 
Worcester Polytechnic Institute, 
Worcester, Mass. 
Secy.-Treas., 
Reed Prince Mfg. Co., 
Worcester, Mass. 


YORK GROUP 

Chairman, 
Pennsylvania Gas Electric Co., 
York, Pa. 

Secy.-Treas., 
General Machine Works, 
York, Pa. 
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INSURING MAXIMUM SAFETY 


for the Flier 


plane, maximum safety always includes maximum 

strength the structural metal parts. The landing 
gear axle and wing ribs the Curtiss-Robin are heat- 
treated this Hoskins Electric Furnace, assure the 
temperature control Hoskins Furnaces will also give 
you fine heat-treatment your product. you are in- 
terested fine heat-treatment, send for Catalog 52-S. 


COMPANY 
4445 Lawton Ave. Detroit, 


Originators and Manulacturers of Chiomel The Alloy that made Electne Heat Possible 
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News the Chapters 


STANDING THE CHAPTERS 


standing the chapters together with shown 
There were new secured during April 
and leaving net gain 372, and the mem 


433 Los Angeles 219 New Haven 

leveland 34] Golden Grate 139 5 Schenectady 82° 
8. Montreal 109 8, hester 72 

10. 100 York 

13. Indianapolis 13. Southern 


BOSTON CHAPTER 


Chapter, was held Massachusetts Institute Technology, Cambridge, Mass., 
Friday, 1930. being served Walker Memorial 6:30 
following dinner the report the was 
read and the officers were elected for the 1930-31, 

principal speaker the evening was Robert Guthrie, national 
president the American Society for Steel and metallurgist for the 
Peoples Gas Light and Coke Co., Chicago, who gave practi 

talk “Carburizing with Gas.” 
Eisenman, national secretary the American Society for Steel 
eating and well known all members, discussed briefly 
neral interest and stated that ‘the 1931 convention the society 
Boston. also mentioned some the plans for the 1930 conven 
Chicago well those for the Western Metal Congress held 

\mong the other guests present who spoke were National 
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Seventy members and guests attended the dinner and about 150 were 
evening meeting. Howard Handy. 


BUFFALO CHAPTER 


Thursday, April 24, 1930, the Buffalo Chapter held the eighth regular 


meeting Hotel Buffalo with abeut men dinner and about member 


and guests the meeting. 

Chairman Sherlock called the meeting order 8:15 
had Dr. Shearer, the Grosvenor Library guest, who spoke 
few words about the service they can render workers the steel 
especially where research work done. 

After short business session the chairman. introduced the speaker the 
evening, Dr. Gillett, director, Battelle Memorial Institute, Columbus, 


who talked the subject of, Gillett one the fore- 
most authorities fatigue metals. The speaker explained clearly the phe- 
nomena fatigue, testing metals under repeated stress.. The reason that 
metals fail service not due crystallization, but progressive fractures, 
internal external. Dirty steel poor shape stand repeated 
durance limit reduced about one-half improper fillets. applied stresses 
are below the endurance limit, the metal improved due working 
the material. Dr. Gillett, illustrated his lecture with some very interesting 
slides. 

The speaker kindly answered all questions the discussion and the meet- 
ing closed with rising vote thanks. Meeting adjourned 10:30 


Wahl. 
CHICAGO CHAPTER 


Thursday, April 10, Chapter. entertained members the 
local section the National Die and Special Tool Builders Association. The 
subject for the discussion was “New Welding Processes,” 
whole evening proved one for those present. The speaker was 
Robert Holt, research engineer the Fusion Welding Corp., and the tech- 
nical chairman for the evening was Green, president the same company. 

Mr. Holt dwelt particularly the process carbon are welding under 
certain particular conditions. The the carbon are process over 
the metallic process being able control the current independently 
the metal itself. The disadvantage heretofore, however, has ‘been that the 
carbon are showed tendency jump, and scatter, causing unsound weld. 
Mr. Holt’s process possible control this are means special 
flux, and thus secure perfect welds. Thus thinner materials can welded, and 
welding heavier materials can speeded up. Slides shown, 
trating matters technique welding, photomicrographs weld and adjacent 
area structures, and examples welds. Mr. Holt also had numerous specimens 
exhibition showing samples this special welding stainless steel, 
aluminum, and copper. Some these were gauge material, and were 
beautiful examples welding. 

Prefacing Mr. Holt’s lecture, Mr. Green gave short but extremely 
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NEWS THE CHAPTERS 

resting coffee talk “The Use Infra-Red Light Photography Weld 
Research.” showed pictures the screen made with radia 
where the visible light had been filtered out. pictures illustrated 
how the metal drops welding rod weld, and brought out 
nts that would invisible the eve and obscured visual light 
photography. Mr. Green stated that motion pictures taken this pro 
ess gave exceptionally fine view the actual metal flow the welding 
and was unfortunate that was unable exhibit these motion 
About 100 members and guests were present dinner, and about 175 


eard the lecture. 


( olwell 
CINCINNATI CHAPTER 


April the Cincinnati Chapter held its regular meet 

ollowed brief talk -safety director and assistant the 
manager. 

Mr. Smith gave talk the subject explained the 
records that are being kept Cincinnati and other cities the fatalities 
hat occur automobile accidents. Many important facts were brought out 
Mr. Smith which are for thought. 

subject the evening the Engineers’ Club. were fortunate 

Gillett, director the Battelle Memorial Institute Colum 

give talk the subject His talk dealt with the 

metals under repeated stress, how they determine the endurance and 

repeated stress laboratory tests, and the factors design which one may 

avoid prevent failure under repeated stress. Also 

and alloys, corrosion-fatigue, and pointed out 

the pressing questions regard endurance which knowledge still too 

talk just touched the high spots his .time was 

limited. This subject was most clearly brought out being illustrated with 

very interesting and discussion Dr. Gillett was given 
hearty applause for the paper well presented. 

Strohmenger. 


CLEVELAND CHAPTER 


regular monthly meeting the Cleveland Chapter was held April 
the Cleveland Engineering Society rooms. The meeting was 


Chairman White. The report the nominating committee was made 


mens Donkin, chairman the program committee, then introduced the 
were Steels” attentive audience about 100 members and guests. 

Wales stressed the need for uniformity sheet steels insure 


non-uniform sheets causing excessive breakage. aim 
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manutacturer should produce such product that there 

result can only accomplished very close control the 
and the method pouring the ingot The blooming mill ingot 
heated tor rolling which also closely watched. 

annealing the sheet very important operation and 
closely controlled temperature and temperature throughout the charge 
was stressed. 

has been considerable change and development sheet 
‘in the last five the use sheets, furnaces, con 
tinuous mills and other Wales-stated these developments and 
others are needed controlled product. 

aetive discussion which tollowed brought out many details 
processes which Mr: Wales brietly talk. 

Preceding the meeting the regular dinner was attended about men 


DAYTON CHAPTER 


April was held the Dayton Club the 
the usual dinner meeting Irwin Rohlis, assistant prosecuting attorney 
Montgomery County gave unusual and interesting talk “Criminals and 
Law Proceedure.” 
heat treat supervisor, National Broach and Mig. Co., “Practical 
members was like old times have him back again. The talk served 
problems were exchanged bringing forth several lively 
speaker based his talk five points which are the links the chain 


ot a good tool. ‘These basic principles are: 


The steel from which tool made 

design the tool 

The heat treatment 


points were expanded and emphasized consideration such tea 


tures cold working the steel manufacture the tool, slow heating 


the tool for heat treatment, supervision and observation the piece during 


heat treatment, soaking temperature for the proper time, cooling high 


speed steel before drawing, drawing slowly and uniformly, times 
} 


atures required for various operations, technique quenching, and many 


potent and important factors. 


Mr. talk was well received was shown the 
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rward and rising vote thanks was the speaker the 


DETROIT CHAPTER 


regular monthly meeting the Chapter was Monday 


her was techmeal 
was formerly with the Reo Motor Car and 


Steel and Amone the features were extensive 


the deep etching the signal suecess the use gas for 
races; the size; and the electri 
naces steel more than per cent carbon 

was discussed extensively during which discussion 


modification the spark-test wherein material flving 


{ 


Hildort’s firm has made more than two hundred 
steel during the past vear, most which were, course, 
tally indicates the need additional missionary work 


MONTREAL CHAPTER 


last regular meeting was held Tuesday, The 
was preceded the new the National Bronze 
foundries the continent, and chapter members were conducted through 
the manager foundries and metallurgist, Harold Roast, and 
\bout thirty availed themselves opportunity, 
were much the automatically controlled fur 
systems, for ventilation and the equipment 
the testing laboratory which very close 
\bout forty members gathered for the usual dinner the restau 
and many others came afterwards Strauss, 
the Vanadium Corp., who gave very interesting and well 
talk aluminum with the constitution diagram 
the copper end the aluminum-copper series the 
some ternary diagrams, explained the useful limits 
then detailed practice and points and molding 


produce good castings Strauss next took 


other the copper-aluminum base, and the 
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discourse was pretty much along the lines 


several members who were particularly interested 
pressed with the value back numbers our TRANSACTIONS. 
Considerable discussion was evoked, votes thanks were passed thy 
National Bronze Co., and weleome was extended new sustaining 
Gordon Sproule 


NEW HAVEN CHAPTER 


April meeting the New Haven Chapter was held Waterbury 
the Farrel-Birmingham Co., Ansoma. was revelation mem 
bers our society see the enormous castings which are made the 
above plant. 

foundry and the machine shop were the center interest 
ground rolls used rubber machines. 

regular technical sesston was held the the Chase 
Thelin the research department gave very talk the 
Lead Copper and Various Copper Alloys.” paper 
probably appear later issue the TRANSACTIONS. 

The Waterbury meeting was big success.and Messrs. Keshian, Card and 
Kemp are congratulated for the splendid program which they laid 

Our last technical meeting and will Bridgeport. 
Sikorsky Aviation Co. are opening their doors our chapter and 


NEW YORK CHAPTER 


New York Chapter held its April meeting the 
served the Postkeller restaurant the and the meeting 
held subsequently the assembly room the 

report was given Claussen the Brooklyn Polytechnic Insti 
tute concerning his senior thesis which. was award 
$100 presented each the New York chapter student interested 
metallurgical research work. The subject the investigation was the stud) 
the oxidation the surface high temperatures and the develop 
ment process prevent this difficulty. 

The main speaker for the evening was Dr. Zay Jeffries whose talk covered 
“The Metallurgist Jeffries that the first use metals 
was their native state such gold trom placer deposits and iron 
made from meteorites. The rise western civilization came about through 
metallurgy was Europe that armor was developed and this 
was Genghis Khan and his Mongols defeated. 

The development the railroad industry gave tremendous impetus 
the quantitative side metallurgy but, with the advent the automobile, 
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took qualitative that time haye witnessed 
important part played the communication industry such 
telephone. and telegraph, the electronic industry exemplified 
and facsimile and the whole aviation. One novel 
resulting from these great advances has been standardization parts 
ich has become basic requirement industrial 

Dr. Jeffries finished his talk discussing specialization work. 
urged metallurgists when requesting money for development work 
ecutives first sure their facts and then make requests 
and stand members were most enthusiastic over Dr. 
NORTHWEST CHAPTER 


The April meeting Northwest Chapter was held the 
\uditorium the University Minnesota the eyening April 
Richardson, the Bethlehem Steel Corp., gave lec 
ture the manufacture structural steel shapes. 

had nine reels.of new movies illustrating the various steps 

steel making from the handling the raw materials the finished product 
the stock yard. The movies were taken Bethlehem 
cluding the ones Sparrows Point. The 
ictures were very interesting and Mr. Richardson explained the pro- 
cesses words that everyone could understand. the unusual scenes 
showed the operation gigantic semi-automatic punch press which punched 
rivet holes large steel plate according pattern that resembled a-player 
piano 

\bout and friends filled the auditorium 

was also given St. Paul the Carrick Theatre 


PITTSBURGH CHAPTER 


May the Pittsburgh Chapter was held the Keystone 


Club, Thursday evening, May 

\fter the usual dinner the meeting was called Chairman 
Insti Richards. The annual report the treasurer was read and 
newly officers took their places this meeting. 
sted 
and Resisting ‘subject. was thoroughly covered 


evelop and was well illustrated with 


Holland Nelson was the speaker the His subject was “Heat 


was very warm evening had large audience. 


Walker. 


| 
covered 


RHODE ISLAND CHAPTER 
seventh meeting the season Wednesday evening, April 

was the nature joint meeting the Rhode Island Chapter 
petus Providence Engineering Society. There were 165 people 
meeting was preceded informal supper which attended. 
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After brief business meeting, Dr. Victor Homerberg the Massa- 
chusetts Institute Technology, was introduced and gave highly interesting 
talk “The Nitriding Process Surface Hardening Steel.” 

The successful operation this process necessitates special steels 
made for the purpose. Alloy steels containing varying amounts carbon, to- 
gether with approximately 1.0 per cent aluminum, 1.0 per cent chromium, 0.2 
per cent molybdenum have been found give the maximum surface hardness 

The principle the nitriding process explained Dr. Homerberg 
fhe formation nitrides the alloy elements which are extremely hard and 
form needle-like crystals the surface the steel. function the 
ammonia furnish nascent partial dissociation which very 
active. 

The process very flexible and varying degrees hardness, 
ductility and depth of-surface can obtained varying conditions. 

The work nitrided first completely machined 


impart.desired physical. properties the core usual. Before nitriding all 


strains set forging machining must relieved proper annealing: 
Seale surfaces must avoided. that are 
protected from nitriding are nickel plated otherwise protected. 

The parts nitrided are placed gas-tight box made special 
alloy not .affected ammonia. The box equipped with inlet 
tubes for ammonia circulation and thermocouple for checking 
side box. The box placed furnace suitable design and heated de- 
sired temperature. The range temperatures use varies from 900 1100 
degrees Fahr.—950 degrees Fahr. being most common. Anhydrous ammonia 
gas through the work and the pressure regulated give proper 
dissociation which checked special apparatus the exhaust ammonia 
line. Dissociation kept between and per cent. The time 
perature are varied depending upon the depth and character case required 

Dr. talk was lantern ‘slides several com 
parative tests between case carburized and nitrided articles 

Refreshments were after the meeting. Brown. 


CHAPTER 


The March monthly meeting the Washington-Baltimore 
the speaker was served the City Club. 

The speaker the evening, Dr. Hoyt the General Electric 
search Laboratory, spoke “Cemented Tungsten’ Carbide” fair sized 
the East lecture room the Bureau Standards. 

The extreme interest Dr. talk was evidenced the general dis- 
cussion that followed. The chapter considered privilege have man 
Dr. ability and experience address them this metallurgical phase. 


special “Pep” meeting the Washington-Baltimore Chapter was held 
Baltimore March The purpose this meeting was give. 


1 


metallurgists, plant and men chance acquainted 


: 
W 
Tr 
; . 
i 
al 
| 
cha 
INTV 
1 
tres 
| | ud 
Ce 
Corny 
lla 
t Con 
1] 
) 


all 


) be 


ecial 
O de- 
1100 
yroper 
tem- 
juired 
com 


er W as 


honot 


ric 


sized 


phase. 


+} 
give. 


with 


he 
tne 


NEWS-OF THE CHAPTERS 


embers and show them the benefits derived belonging the American 
iety for Steel Treating. Walter Dietrick the membership 
this latter phase very amiable manner. usual dinner was 
rved the Club and was attended about members. 
the courtesy the Consolidated Gas the meeting was held 
their new building, where large sized group listened 
\rthur Green, manager the department, Edgcomb Steel Co., deliver 
very interesting talk “Tool Steel.” 
Mr. Green covered the subject tool very thorough 
tarting with their manufacture, mill routing, inspection, heat treatment, and 
use. Many these steps and points were illustrated lantern slides 


well series photomicrographs showing the various structures resulting 


the above Mr. Green cited many examples tool failure 


that had run across practical “trouble shooting” and ended with plea 


greater co-operation between producer and consumer whereby much trou 


ble which tended prohibit application tool steels could elim- 


nated. 

short adjournment took place, followed refreshments, after which 
half hour’s discussion followed. vote thanks was extended 
Green for his interesting and instructive talk. 

year’s work the membership committee ‘is slowly being realized 
gradual and sustaining members noted, though the 
chapter still far behind total number that should the American 
Society for Steel Treating from Washington and particularly Baltimore. 

Leo HWaldron. 


most interesting and unusual lecture the construction the Hudson 
Bridge was presented before the Washington-Baltimore chapter Edw. 
Stearns, assistant the chief engineer bridges the Port New York 
\uthority, the Engineer’s Club April 18. 

Starting with short account the formation, scope work, and method 

the Port Authority, the speaker described, with the aid about 
hirty slides and three reels -of motion pictures, the “high spots” the con- 
truction thé Hudson River Bridge date. This bridge, which crosses the 
River between 178th and 179th streets New York City and Fort 
Lee New Jersey, the largest suspension bridge the world. 
span 3500 feet,-the towers are 625 feet high, the clearance the 
the bridge 213 feet, the road level 250 feet above the river, and the 
the bridge 120 feet. The span supported four cables each 
uning strands and laid hexagonal shape but later squeezed into 
compact form. Each strand consists 434 about inch 
The wires are cold drawn ultimate 235,000 
per square inch and have proportional limit 160,000 per 
inch. The wires are heavily galvanized and have working stress 
pounds per square inch. bridge was designed for addition 

accommodating four rapid transit lines when 
motion pictures illustrated the digging the foundation, the erection 
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the towers, the laying the foot. bridges, the spinning the cables; 
and were ‘unusually 
lively discussion followed the talk and rising vote thanks was given 


the speaker. Samuel Rosenberg. 
YORK GROUP 
The March meeting the York the American Society for 
Treating was held Wednesday, 12, the rooms the York 
Society York, Pa. was total attendance sixty-five 


including members and guests. 
The address the evening was delivered Frank Palmer, assistant 
the president the Carpenter Steel Co. ‘selected his subject, “The 
Stainless Palmer told the three general groups 
stainless steel, namely and Each group stainless metals charac- 
terized certain properties which are common steels falling 


Chromium less than per cent 


Carbon less than 0.40 per cent 
Chromium more than. per cent 
Carbon less than per cent 
The group follows: 
Contains enough chromium and nickel make steel austenitic and non 
magnetic. 
paper was then distributed among the members and guests giving hac 
thorough outline corrosion 
long discussion that followed the paper many presented 
lems Palmer, who turn atiswered all problems and arguments. 
After rising vote thanks Mr. Palmer, the meeting was adjourned 
The April. meeting the York Group the American Society for Steel 
Treating was held the Colonial Club Harrisburg, Pa., Wednesday, Apri! 
1930. The meeting was attended eighty-five members, sixty-five 
which were present enjoy dinner preceding the lecture. 
The speaker for the evening was Dr. Norton, metallurgist for the Ludlum 
Steel chose his subject “Nitriding and Steels for Nitriding.” 
Dr. Norton read paper stating that the nitriding process consists sub- 
jecting special steels containing aluminum, and molybdenum the 
action ammonia gas under certain conditions whereby remarkable 
hardness imparted the steels without further treatment. Remarkable the 
atures and marked resistances atmosphere, water salt water Gor 


After this paper was read slides were shown illustrating the various 


being nitrided and the many processes being used. 
lively discussion the phases nitriding followed. 
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ITEMS INTEREST 


Items Interest 


Southern Manganese Steel Co. has become the Southern Manganese 


Steel the American Manganese Steel Co. 
opened 


‘the Law and 


Pittsburgh, 


Mr. Hoffman will handle the sale castings 


Ryan, and Co., Philadelphia, have just completed plans for new 
and buildings which will more than the 


With company will assemble equipment and 
direct from the plant instead assembling equipment the 
was done previously. 


wa Steel ) is a 728-page book published by the (german lron and Steel In 
titute, 


becoming acquainted with German technical terms and also because the 


German works, including sizes and capacities furnaces 
and rolling 


Southwark Foundry and Machine Co., 400 Washington Ave., Philadelphia, 
has issued briefly Southwark-Emery testing machines. 


Steels” the title 219-page book Muller-Hauff and 
Stein published John Wiley and Sons, Inc., 440 Fourth New York. 

ourned book was translated from the contains 


specifications, 
automobile plants. The price $3.50. 


This binder, which are general and special catalogues. 


Addi 
tional space provided for the insertion new catalogues other data 
which may issued from time time. 


The Claud Gordon Chicago has the purchase 
ble Instrument Co., 1988 East 66th Cleveland, the General 

( 


will operate the new consolidation under the name Pyrometer 


and Supply Corp., and will located 1988 East 66th St., Cleveland. 
thermocouples, ete. 


lohn X-Ray Service 505 


Fifth New has been 
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organized Ancel St. John and Herbert Isenburger, carry 
X-Ray inspection and sales business hitherto .them. 


The Crucible Steel Co. America announces appointment John 


Trust Moline, Mr. Taylor has been connected with 


Ty 


their Chicago for the past years. 


T 


The University co-operation with the Gas 
ation, will hold its fifth annual course June The curriculum 
covers hours day practical modern gas engineering presented 


leading authorities gas and allied industries. 
for enrollment may had writing George 


secretary Gas Association, 405 Mine Workers Bldg., Springfield, 
. 


booklet “Alloy Steels the Railroad Field” obtained 
addressing request the International Nickel Co., Wall St., New York 


The Surface Combustion Co., 2375 Dorr St., Toledo, has announced 
pe e 4 
With the acquisition new property and the 


i> 


$250,000 expansion program. 
ie) 


$2! 
irgement present buildings the plant. will include acres land 


This company has built much the treating 


acres floor space. 
equipment used the steel, automotive and machinery manufacturers through 
| 


out the country. 


\ 


Microvernier oil regulating valves are described issued 


Hauck Mfg. Co., 126 Tenth Brooklyn, 


Continuous electric furnaces for heat treating strip metal are 
described booklet Swoboda, Inc., 3400 St., Pittsburgh. 


The Brown Instrument Co., Philadelphia, announces 


its Chicago sales office and mid-western factory branch new quarters 


155 East Superior St., 


Lavino and Co.,.Philadelphia, has available those interested, copies 
Nielsen Surveys Nos. LC-104-C2 and These cover the 
cation plastic bottoms forging furnaces and the use multi-bond chrome 


ore cement the Rockford Drop Forge Co., and the Camden Forge Co. 
the title short 


Carbon Determinations High-Sulphur 


Scientifie Co., Pittsburgh. 


Artificial abrasives fall chiefly into three main groups, according 
United States Bureau Department Commerce. These are: Meta! 
lic abrasives such crushed steel, steel shot, and steel wool; silicon cat 


crystolon, and carbolon; aluminum 
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FOR THOSE WHO DEMAND THE BEST 


THEIR FINISHED PRODUCT 


SIMONDS STEEL 


STEEL 
MAGNET STEEL 


SPECIAL ANALYSIS STEEL 


SHEETS 
BARS 


SIMONDS STEEL MILLS 


Lockport, New York 


When writing Simonds Steel Mills, please mention TRANSACTIONS 
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abrasives such alundum, aloxite, exolon, and lionite. abra- 
sives are used chiefly form cutting agents sawing drilling 
rock and other hard materials. very use the silicon carbide 
and the aluminum oxide abrasives the manufacture bonded 
wheels. grains graded into uniform sizes are bonded together 
wheels varying degrees coarseness and hardness. fusible clay used 
the bonding material vitrified grinding wheels. Sodium silicate, 
and bakelite are also employed bonding materials. 
been made recent years the development highly efficient 
wheels; they are being used more and more substitutes for natural abrasive 
products such emery wheels, grindstones,. and pulpstones. 

artificial abrasive consisting. of. tin oxide mixture tin 
and oxalic acid has been termed “putty used 
marble and and crocus, both which are forms ferric 
oxide, are employed produce high luster—the former precious metals 
and the latter tin and cutlery. Chromium oxide, manganese dioxide, and 
magnesia have limited use abrasives. 

The Hevi Duty Electric Co., Milwaukee, has just six page 
bulletin No. 430 covering eighteen standard sizes type electric furnaces. 
The gives complete descriptions specifications. 

The widespread use the mechanical appliance known the valve, 
and the important part plays every branch industry and the home it- 
“Open and Shut,” prepared the United States Bureau Mines, Department 
Commerce, cooperation with industrial concern. 

“Valves are absolutely essential central power and blast fur- 
naces, mining, and steamships, and airplanes, 
and spray painting,” explains the narrator, interesting views these are 
flashed the screen. 

Copies the film, “Open and Shut,” may obtained for exhibition 
purposes schools, churches, clubs, civic and business organizations, and 
others interested applying the Pittsburgh Experiment Station the 
United States Bureau Mines, Pittsburgh, Pa. charge made for the 
use the film, although the exhibitor asked pay transportation charges. 


electric furnace for pressure carburizing the 
market the Hevi Duty Electric Milwaukee. rotary retort type 
furnace perfected after four years field development, licensed 
under patents the American Gas Furnace Co. Sizes are furnished 
1200 pounds capacity. The furnace mounted sturdy steel legs with 
operating mechanism which permits tilting backward and forward 
tate charging and discharging. plugs are used close the retort 
both front and rear, being easily removable access. for and 
unloading. Three zones control are provided secure even temperature 
throughout the length the retort. Pyrofax gas under pressure 
used, and cracked into hydrocarbons and absorbed the steel 
tificial and natural gas well carburizing compound are readily used. 
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ADVERTISING SECTION 


for 
ACCURACY 
HARDNESS TESTING 
ive 
Over 200 Leading Firms 
ide have adopted this machine. 
ing 
tals INTERNATIONAL 
STANDARD 
Brinell hardness numerals 
obtained this machine 
are interchangeable all 
countries. 
itled 
FISHER BRINELL MACHINE 
its results due the steady pressure—no 
pulsations. 
2—Special feature prevents leakage hydraulic fluid. 
3—Test pieces ranging size from 3/16” 12” can han- 
dled; the anvil adjusts accommodate irregular shapes. 
4—A pressure 3,000 kilos can transmitted the ball 
quickly and with little effort (one and one-half turns 
the handwheel). 
FSCo. No. 12-150, Price, $350.00 
nis 
Laboratory Apparatus and Reagents for Chemistry, Metaliurgy, Biology 
PITTSBURGH, PA. 
CANADA, FISHER SCIENTIFIC CO. LTD., 898 ST. JAMES STREET, MONTREAL 


When writing Fisher Scientific Co., please mention TRANSACTIONS 


| 
4 
: 
cere 
_ 
534 


The furnace also used for hardening operations, and 
nitrided steel bars dimension require furnace chamber 
length with small diameter. 


1929 419,400 short tons molybdenum milled yield 
ing 3,854 tons concentrates, carrying from 75.40 88.33 per cent 
denum sulphide. addition, small tonnage ore carrying per cent 
molybdenum sulphide was produced and sold without milling. The 
molybdenum content the concentrates and ore produced was 4,020,607 
pounds, increase per cent over shipments concentrates 
and ore from the mines contained equivalent 3,904,648 pounds elemental 
molybdenum valued, more less arbitrarily, $2,259,000 the 


Climax Molybdenum Co., 295 Madison New York, has issued 


book “Molybdenum This presents data the form extracts and. 


abstracts from technical publications.. 


“Misco High Temperature Alloy” the title recent booklet issued 
the Michigan Steel Casting Co., Detroit. 


annual meeting the American Society: for Testing Materials, which 
will held June Chalfonte-Haddon Hall, Atlantic City, 

Knerr, functioning advisory capacity the committee papers 
and publications, very excellent program has been arranged for the 
Symposium materials. Seventeen papers have 
each one briefly summarizing the present knowledge 
the properties testing aircraft materials. cover not only the 


materials for the structural members but also the materials entering into 


aircraft engines, including engine failures and the causes 


Production and consumption. copper, which 


proportions the fall 1928, continued high rate through 1929, accord- 


ing the United States Bureau Mines, Department Commerce, and 
for the year were the highest record. Heavy demand preceded the large 
increase production and was met, ‘of refined copper, 
which the end 1928 had dwindled the lowest record since 1917. 
1929, production was higher rate than consumption cause 
stocks refined copper increase more than two and one-half times 
those the end 1928 and the highest record the end 1921. 
The increase imports unmanufactured record figure and 
drop exports per cent from the average the five-year period 1924- 
1928, added the large increase stocks. the end the first quarter 
1929, stocks copper having increased, consumers resumed hand 
to-mouth buying policy which had been abandoned the fall 1928. 


‘Copper prices rose from average 13.9 cents pound 


January, 1928, 15.9 cents December, the advance continued 
23.775 cents, refinery, March 23, 1929, where held until April During 


April dropped 17.775 cents and remained beyond the end the year. 
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ADVERTISING SECTION 


Leads Corrode 


But Accuracy Remains 


07 


With 


TIOMET 


POTEN PYROMETERS 


Actual width the 


chartis 


anywhere along the leads-do not 
tiometer Pyrometers. may corrode contacts vary 
terminals and switches—yet there contact, readings 


And this but one the ways which the 
potentiometer method measuring temperatures— bal 
ancing the unknown thermocouple millivoltage against 
known millivoltage from the once the 
most accurate and reliable industry. 

knowledge gained from thousands in- 
stallations thousands plants, 


Catalog 


lists them for recording and for indicat- 

ing. Special bulletins outline their 
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NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, 


Cleveland Chicago Houston Los Angeles San Francisco 


Different Pyrometers—The Most Accurate Pyrometers ‘Industry 


When writing Leeds Northrup Company, please mention TRANSACTIONS 


For Indicating, for Recording and for Controlling Automatically 
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THE TIMKEN STEEL TUBE CO., CANTON, OHIO 


Detroit Chicago New York Los Angeles 


BEARINGS 


When writing The Timken Steel and Tube Co., please mention TRANSACTIONS 


The TRANSACTIONS the 
AMERICAN SOCIETY FOR STEEL TREATING 


Published and Copyrighted, AMERICAN 
FOR STEEL TREATING, 7016 Avenue, Cleveland, Ohio 
Issued monthly, $10.00 year, $1.00 per copy 


Entered second-class matter, February 1921, the post-office 
Cleveland, Ohio, under the Act March 1879 


Ray Editor 


r 


Vol. June, 1936 No. 


Table Contents 


Carbide Tools—By Roger Prosser 749 


Suggested for Reporting the Steel Case—By George 


Recent Developments Sheet Steel—By Edward Lawrence 784 
Study the Quenching Steels—Part II—By French........ 
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Since pioneered the industry with the first 
high temperature cement nearly quarter- 


century ago, we've the sub- 


ject. While can, wish, make dry 
cement easily the next fellow, have 


dry cement bonding mortar 
contains water, and thus more 
economical, fallacy. The cost labor 
alone (required for thorough mixing the 
job) usually offsets any saving made pur- 
chasing the lower-priced dry cement. 
Furthermore, thorough and proper mixing 
bonding mortar the job almost 
impossible attainment. the human ele- 
ment involved, variations water additions 
will always made. Guesswork largely 
controls the mixing 
time. Men will always 
ready quit work- 
ing the hoe when the 
material the mortar 
although often 
than not itis improperly 
Every one our fac- mixed. 
tory representatives contributes 


equipped with Py- 


eter which gives in- un- 


stant,accurate reading necessary building and 


any or all parts of the relining an to ug 1 
furnace. maintenance expense, 


ADACHROME Fines 


Other ADAPRODUCTS Include 
ADACHROME Plastic Super-Cement 


ADAPATCH (fire brick plastic form) 
The ADAMANT Gun 


Write for booklet 


When writing Botfield Refractories Co., please mention TRANSACTIONS 


consistently manufactured and recommended 


wet {plastic} cement. 


than does. the use mixed 
mortars. Twenty-five years experience 
and observation have proved that us. 
And why make recommend 
wet (plastic) cement. 


For the ADAMANT Fire. 


Brick Cement, have the most modern and 
mixers, grinders and other necessary 
equipment that money can buy. 


materials are accurately measured. Guess- 


work eliminated. Every pound ADA 
MANT mixed for the exact length 
time required for thorough and proper 
ing and tempering. 

When you use ADAMANT Fire Brick 
Cement, you can rest assured that the cement 
properly-mixed, will give you 
good results, and assure longest service trom 
your firebrick 


BOTFIELD REFRACTORIES 
Largest Exclusive 
High Temperature Cements 
Swanson and Clymer Streets 
Pennsylvania 


ADACHROME Aggregate 


Steel Treating Materials 
and Equipment 
Carburizing Compounds 
Cyanide and Cyanide Compounds 
Drawing and Tempering Salts 
and Annealing Salts 
High Speed Salts 
Lead Pot Coverings 
Paint 
Furnace and Refractory Cements 
Cast Alloy Pots and Boxes 
Alloy Pots and Boxes 
Furnaces 
Radiation and Optical 
Monotrons 


Brinell Machines 
Oil Coolers 


Special Folders Request 


Reliable Supplies Since 1911 


The Case Hardening Service Co. 


2281 Scranton Cleveland, Ohio 


an 
be 
| 
x 
- 
writing The Case Hardening Service Co., please mention TRANSACTIONS 


TRANSACTIONS 


make good alloy steel requires good ferro- 
alloys. Electro Metallurgical Sales Corpora- 
tion offers complete line ferro-alloys 
high quality backed more than years 


experience. 


Our Service Department maintained 
demonstrate the proper use and benefits 
derived from alloys. 


CHROMIUM 

High Carbon 
chrome (maximum 6°, 
carbon) 

Low Carbon Ferro- 
chrome (in grades, max- 
imum maxi- 
mum carbon) 

Chromium Metal 

Chromium-Copper 

Miscellaneous Chromium 


Alloys 


MANGANESE 

Standard Ferroman 
ganese 82°, 

Low Carbon Ferroman- 
ganese 

Medium Carbon Ferro- 

manganese 

Manganese 

Manganese-Silicon 

Manganese-Copper 

Miscellaneous Manga- 
nese Alloys 


SILICON 
Ferrosilicon 
Ferrosilicon 
Ferrosilicon 
Ferrosilicon 85°; 
Ferrosilicon 
Refined Silicon (mini- 
mum 97°) silicon) 
Calcium-Silicon 
Calcium-Manganese- 
Silicon 
Calcium-Aluminum- 
Silicon 
Silicon-Copper 
Silico-Manganese 
(Manganese-Silicon) 
Miscellaneous Silicon 
Alloys 


VANADIUM 
All Grades 


ZIRCONIUM 
Zirconium-Ferrosilicon 


When writing Electro Metallurgical Sales Corp., please mention 


THE 


Need For 
Surplus Stocks 


alloys your ware- 

service 
makes 
protect yourself 
The require- 
ment contract for 
met Ferro-Alloys gives you 


tonnage protection and 


protection. Stocks 
ard alloys are maintained 
all Electro Metallurgical 
Company plants, that 
shipments can made 
any time the quantities 
you want. 


Electromet 


Ferro-Alloys Metals 


Sole Distributors 


ELECTRO METALLURGICAL SALES 


CORPORATION 


and Carbon Corporation 


Unit of Union Carbide 
Carbide and Carbon East 42d New York 
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ADVERTISING SECTION 


LO-AC 


Why annoyed with corrosion parts after wet 


~ 


when possible treat your regular grinding 
and cutting mediums (which not afford suitable 
protection) positively overcome staining and cor- 
Announcing 
The perfection LO-AC 


~ 
Endorsement from the Massey-Harris Company 
Extracted from letter dated April 1930, Campbell, Superintendent 

“As you are aware have had “As the gumming grinding 
your Mr. Canavan working with have not had any trouble 
something could not de- kind whatsoever. 
water with our grinding compound 
which would maintain 


“The results obtained the con- 
tinued use LO-AC are just 


improve our grinding finish possible. favorable today the day stamped 

“The LO-AC which approval and see rea- 
have developed for this purpose cer- why its present per- 
tainly meets with. hearty approval fection should not continue indefinite- 
have tried out under the certainly have not discovered 
severest conditions. any variation its 


Dearborn Will Show. You How 


Dearborn Chemical Company 
310 So. Michigan Ave. 205 East 42nd St. 


CHICAGO NEW YORK 


TRADE MARK REGISTERED 
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writing Dearborn Chemical Co., please mention TRANSACTIONS 


THE 


TRANSACTIONS 


Saving $10,000.00 


IMMEDIATE 
SHIPMENT 


ALLOYS 


lasts from two 
hich they have 


the other ste duty 


2320, 2330, 
2350, 


large steel mill 


six times long 
heavy 
plant; also 


hook pins 


5 


4140, 
Cold 
2320, 2330, 
3115, 3120, 3135, 
Heat Treated—Ryco 
Hot Rolled, Machine 
krome {Hot Rolled, 
Machine 
Nikrome 
Heat and -Corrosion 


Resisting 
legheny Metal, Asco- 
loy. 


Finished High 


used 
machinery 
They estimate 
saving 

the use Nikrome 


Heat-treated Bars Stock— Manganese Screw 
TOOL STEELS 
Nikrome not new alloy steel. has been successfully 
used for hard service practically all lines industry. analyses 
most cases remarkable savings, through increased service 
have been you have any application calling for 
extremely strong, tough, durable steel, application Chisel Steel. 
where failure means heavy expense, will pay you consider Ryolite {Best 
Nikrome. for 
Ryolite Special High 


will glad send special bulletins which give com- Speed Tool Holder 
its. 


plete data covering the physical properties Nikrome. Our 
specialists will also work with you any special application, Drill Rod. 
Mail the coupon for Nikrome Bulletins. COLD FINISHED 
All grades and finishes 


Milwaukee St. Louis Cincinnati Detroit carried 
STOCK, 


Cleveland Buffalo Boston Philadelphia City 


RYERSO 


STEEL-SERVICE 


Joseph Ryerson Son, Inc. Lock Box Chicago, 
Kindly send literature checked. obligation, course. 


Bulletins and Data Nikrome Handbook Tool and Alloy Steels 


NAME 
FIRM 
STREET ADDRESS 


STATE 


When writing Joseph Ryerson Son, Inc., please mention TRANSACTIONS 
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Asco- 

Hie! rHE INCREASING USE OF THE TELEPHONE REQUIRES THI EXPENDITURE or HUNDREDS OF MILLIONS 
ANNUALLY FOR EXTENSIONS AND IMPROVEMENTS 
nended 

ring} 

ELS 
teels in e . 
ements. 

Advertisement the American Telephone and Telegraph Company 

). {Best a 

Holder have found constantly growing even calls for distant points—so that 


Steel tor the telephone. You have learned but very few them are now com- 


business. You have found help- while you remain the telephone. 
tul keeping contact with family and order give the most effective, 
triends. Its increasing use has given well the most economical service, 
modern life and requires the carried Associated Companies, 
ture hundreds-of millions annually each attuned the part the country 
extensions and improvements. serves. 
Bell System’s additions, The Bell Laboratories are constantly 
and replacements, with engaged telephone research. The West 
ture 633 million dollars. During the precision equipment needed the 
tal will more than 7oo millions. System. The staff the American Tele- 
improvements your service phone and Telegraph Company devel- 


-. 
t ty 


this size and better methods for the use the 

id. They start with the average time companies. 

put your telephone the aim the Bell 
five years has been cut System furnish 

the nation. 


Steels 


your service, 


American Telephone and Telegraph Company, please mention TRANSACTIONS 


¥ 
dated 


The 
LEITZ 
Micro-Metallograph 


Your 


for 


DEPENDABLE Material: -18% Tungsten High Speed 
Steel. 


ANALYSIS METALS Magnification, 1600. Microstructure 


quenched from 2250 


since can easily convince you that the selection the will 

prove your distinct advantage. 

OUR EQUIPMENT THE STANDARD THE LEADING INDUSTRIAL PLANTS 
AND INSTITUTIONS 

receive constantly letters expressing how our satisfies. 
follows: 

wish take this opportunity expressing vou our appreciation for the most 
generous service which you have given our Micro-Metallograph. 
policy which you are adopting this matter one that will the long run lead the firm 
establishment your product this country. 

You are for selling ‘Service 

Yours very truly, 
Francis Jr. 
Director, Bureau Metallurgical Research, Carnegie Institute 
Technology, Park, 


One User writes 


and not merely microscopes. 


Micro-Metallograph, with Camera, Stand 


Write for Pamphlet No. 1057 (P) 


LEITZ, 


East 10th St. NEW YORK, 


When writing Leitz, Inc., please mention TRANSACTIONS 
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ADVERTISING SECTION 


METAL 


CONTROLS CORROSION 


TRADE MARK 


The most highly 
alloy for 
controlling corrosion 


Write for technical bulletin “A” 


Warehouse Stocks 


JOS. RYERSON SON, INC. 


Chicago St. Louis Cincinnati 
Detroit Buffalo Boston Jersey City 


ALLEGHENY STeet ComPANY 
Ceneral Offices and Works 
BRACKENRIDGE, PA. 


for Automob: 


New York Buffalo Cleveland Chicago Detrout 
Milwaukee St. Lous Los Angeles | 


eny 


ile Bodies Deep Draws Allegheny Metal Ascoloy Elecerical Sheets Sceet Casangs Boiler Tubes Pipe 


When. writing Allegheny Steel Company, please mention TRANSACTIONS 
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Let’s take little holiday 
abroad. 


you think Italy 
only. terms an- 


art, expressed stone 


and upon canvas! 


exponent the modern 
Science and Art 


‘Treating. 
When. you that ask 
yourselves why fac- 
tories send across 
America for many 
dozens and dozens Wil- 
son-Maeulen Automatic 
Pyrometer Controllers. 
they didn’t find them C6: 
robust they 
wouldn’t keep sending for 
more and more they are 
doing. 
INCORPO 
379 Concord Avenue New York 


When writing Wilson-Maeulen Co., please mention 


‘ 
° R ome 
aples 


ADVERTISING SECTION 


the various countries where 
Rockwell 
are extensively used, the name 


the machine, translated: into the 
Misuratore 
languages those countries, may 
ligible you. 
Rockwe But Rockwell Hardness data are 
Pristroj readily, continuously and reliably 
transterred across national and 
MAQUINA lingual borders between any and 
ROCKWELL all persons interested, because the 
C63 ROCKWELL reads 
everywhere. 
TWARDOSCI 
hardness employed and. under- 
stood everywhere. 
Rockwell 


may sure that Rockwell 
Hardness Tester 
Hardness data will understood. 


MAEULEN 


379 Concord Avenue New York 


When writing Wilson-Maeulen Co., 


please mention TRANSACTIONS 


ULC 
INCORPORATED 
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2 


few the products made 
Nichrome 


Sheet and Cast Carburizine Containers 


I ead Pots Retorts Pyrometer lubes 
Pots Parts Chains 


Dipping Baskets 


—the original heat-resisting alloy 


When writing Driver-Harris Co.,-please mention TRANSACTIONS 
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ADVERTISING SECTION 


—another plant where 
Nichrome 
economy results! 


IETHER gears, roller bearings, 

as, this instance, machine tools, hun- 
dreds plants are using “Nichrome” carburiz- 
ing equipment. 
They are all benefiting from the economy 
sults obtained high tempe 
point furnace hour service, shor ter he: ats 
reduced rejects. 


you inv estigated sheet and Nichrome 


All Nickel-Chromium carburizing 
containers are covered Hender- 
son Patent No. 1,270,519, owned 


DRIVER~HARRIS 


HARRISON, JERSEY 


Alloy Makers since 1899 


When writing Driver-Harris Co., please mention TRANSACTIONS 
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SUPERIO 
Houghton’s Liquid 
Treatment 


Heat 


No. 275 DRAW TEMP 


For low-temperature temper- 
ing. Melts rapidly 
Usable working range 350- 


No. LIQUID HEAT 


Produces very thin and very 
hard case the work 
combined carburizing and 
nitriding action. Melts quick- 


No. 300 LIQUID HEAT 


Forms clear solution when 
melted; very fluid and heats 
work rapidly. Has car- 


Usable 


Melts Baths have longest life 


Melt quickly and heat more rapid 


Very fluid; insuring more 
heating and low carry-over 


Higher specific heat which 
more work heated less 


Specially purified; they contain 
inert matter form sludge. 


that they cannot attack the pots 
parts. 


Work clean, bright and 
hardened—no scale—no soft spots. 


Innumerable field tests 


est consumption per ton parts. 


When writing Houghton Co., please mention TRANSACTIONS 
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ADVERTISING SECTION 
BOX BULLETIN SUPPLEMENT PAGE 


rapid 


ore 
THE 
BOX BULLETIN 

ess time, 


Published 


General Alloys Co. 


Edited 
HARRIS 


“You have not read 
Transactions 
read The 


BOX BULLETIN” 


please mention 


June § 
W he n it 
ANSACTIONS 
a 
“he 


BOX BULLETIN SUPPLEMENT PAGE 


UMMER has just turned the corner into the South gate the new General Alloys 

No. plant Champaign. Our floral the approach drive just coming into 
bloom, song flows freely from our contented birds, well fed grass seed for 
two months. 


John, our shovel artist, who unloaded the car molding sand singlehanded six hours, 
has now turned his attention gardening, tucking 600 barberries, 
numerous shrubs with loving care and uprooting dandelions with maniacal fury. 


John knows his onions, but one him. worked hard for weeks 
preparing grass bed with sewerage concentrate, peat moss and patiently 
for grass. When the came had scalloped leaves with fuzz Con- 
ference with Botanists revealed that have six acres tomato plants, and that fig trees, 
gooseberries, apples and cantaloupes are showing spots. expect poppies, straw- 
berries, popcorn and prunes. Figure this one out and send your solution. 


Farmers were all going down look the Electric Furnace new Hay 
Burning furnace near the corn-belt last week, but Benzinger, the Author, got his 
thumb caught slide rule and conduct the inspection. Originally designed 
this Kentucky model Electric Furnace can converted for Hay burn- 
ing merely reversing the hot-air valve. was built for niteriding, but will store furs 
through the summer months for valuation. (No not kidding, see 
specifications future issue.) 


“You fuel all the people, all the time,” says Mr. Benzinger, and have ad- 


mit that the smart ones specify Q-Alloy boxes. 
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into 


hours, 


weeks 
. Con- 
fig trees, 
straw- 


Hay 
got his 
signed 
burn- 
tore furs 
see 


ive to ad- 


“Carburetor, Burner and Flame 


Diffuser” 


the official title the above example 
fine Q-Alloy foundry practice. makes gas 
from oil, and burns efficiently and uni- 
formly. 


Quite job for single casting—but 


Alloy castings are doing exacting jobs—do- 


ing them well thousands applications. 


Uniform heat transfer, means uniform wall 
section. Uniform temperature means orifices 
that stay put, remaining true calculated 
expansion sizes after thousands hours 
service. 


you have need for fine alloys exacting 
work, even you think you can get 
with inferior alloys, give chance dis- 


cuss your problems. 


When writing General Alloys Company, please mention TRANSACTIONS 
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Non-Skid Rails 
shown you lot Skid-Rails these pages, 
now take look some non-skid rails. 


These rails are used under conditions that differ great- 
from the usual pusher furnace rail. ‘They are heated 

differently and must transfer maximum heat, allow- 

ing heat circulation all points work processed. 


have made more furnace rails 
than any other alloy manufacturer has “On 
pose,” and only for the reason that Q-Alloy depend: 
ability established fact, backed the 
ance miles rails, whose period service totals 
millions heat hours. 


“No furnace better than its alloy 
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Carburizing Containers 


best design, material and workmanship 


Shoes, Bearings, Tires. 


The fact that the largest installations Carburizing boxes 
the World are Q-Alloys testimony, millions dollars 
worth testimony,—that “the best ultimately cheapest.” 


time when there much conservative buying, busi-: 
ness always good, for when people really try save they 
seek value, not barg gains, and the sale high quality materials 
increases 


You must prosperous afford “cheap” substitutes. 


CLEVELAND NEW YORK 
hrs. min. 


our smoothest flights this year was from Cleveland 
New York last week three hours and twenty-three 
minutes. Straight arrow, many times faster. 


recovered and repainted since her trip Mexico, 


back the job, and NC-4185 just getting complete 
overhaul and new overcoat. Both six passenger Stinson 
planes help our organization “Go places and things.” 


Dal. now Major 


help mentioning that he’s 
just been promoted Major 
the Air Corps Re- 
age kept him 
majoring sooner. Dal 


his thirteenth year 
the air. 
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Props and Load Carriers 


loads under heat job 
requiring something more than 
edge printed alloy “Specifications” for the 
physical properties any alloy taken under 
test conditions, for that matter under any 
conditions, mean little nothing the 
formance that alloy the heat application 
not understood, and the part designed for 
know cases where alloy plate, sup- 
porting lead bath five feet length, 


warped upward under the action im- 
pinging flame lifting tons lead, pot and all, 
inches into the air. Improperly 
alloy parts often warp against the load. 
You have probably seen furnace rails 


looked like Dog’s hind leg. Quite probably 


they were imbedded furnace hearth, 
and operated with their upper surfaces sev- 
eral hundred degrees hotter than their lower 
surfaces. 
could cite many instances prove that Engineering vital alloy 
life. Don’t send pattern foundry like you send shirt laundry. 


When writing General Alloys Company, please mention TRANSACTIONS 
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Does hole get larger 
under heat? 


designing pins and bushings, pit type 

chains, and variety doweled and 
bushed mechanism, the expansion ratio 
the pin the hole one the most vital 
factors involved. 


Plug type valves offer special problems 
the “designing engineer, par ticularly when 
they must remain gas tight thr ough con- 
siderable range temperature change. 

When such plugs, valves deviate from the 
round, taking circular, irregular 
shapes, the expansion problems are multi- 


plied. 

When they must operated both hot and 

cold, and throughout their operating tem- 
perature range, the leverages and abut- 

ments calculated with varying “surface ad- 

hesion” under oxidizing conditions, —hand 

Your alloy requirements may far less ex- 
acting than the machined Q-Alloy 


shown above,—even the “Simple” ones often 
have catches. Consult the only engineering 


alloy 
the alloy business. 


writing General Alloys Company, please mention TRANSACTIONS 
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UNDER FIRE 


Most Economical and 
For CARBONIZING BOXES 
ANNEALING BOXES 
CYANIDE AND LEAD POTS 
MUFFLES AND RACKS 
TUBES AND 
CONVEYOR FURNACES 
GLASS ROLLS AND DIES 
ANY 
operating between 1000°F. 
and 


GENERAL ALLOYS 


General Offices 


Jackson Blvd. 2281 Scranton Rd. Cortlandt St. 
731 Fisher Building 1324 No. Limestone St. Merchants Bank Building 
1620 John St. Girard 3314 Morganford 
ral Alloys Company, mention TRANSACTION 


When writing Gen 


YOUNG 
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men 


ANY 


ndt St. 
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OUIS 
nford 


Employment Service Bureau 


This bureau for all members the Society. Want ads will printed 

the following rates: minimum words $0.50; each additional word 

service also for employers, whether members the Society 
Rates for this service are follows: minimum words $1.00; each 
additional word Fee must accompany copy. 

Address answers care AMERICAN SOCIETY FOR STEEL TREAT- 
ING, 7016 Euclid Ave., Cleveland, unless otherwise stated. 


| 


POSITIONS WANTED COLLEGE GRADUATE with degrees 

YOUNG METALLURGIST with ten years facture and heat treatment tool and 
iron industries metal present employed, desires change. Address 6-20 


chemist, engineer tests, charge 
production sales. Address 5-10. 


POSITIONS OPEN 
STEEL METALLURGIST: large and 


prog re 


MAN, 22, with three years experience metallurgist 
re nsibility leat treating ot steel. igh devel | \ J 
engineering course, desires con steel development, location, New York. References 
possibility of advancement is not and details of experience desired in reply. Address 
6-10 
WANTED A POSLTION selling. Have been em TOOL STEEL SALESMAN for Chicago, Detroit 
loy { the past’ 14 months in the metallurgical OF Cleveland territory. Must have selling experi 
tory steel company, doing microscopic ence. with metallurgical, heat treating 
raphing and heat treating. Graduated chine shop preterred State mat 
school five years ago. Had some sell ried or single, past and present employers, experi 
nee line. Address 6-15. ence full, phone Address 6-25 


Library Service for Members 


Library Bureau the American Society for Steel Treating operated the 


quickly, reliably and the minimum expense the following service: 


complete copy the magazine article referred any periodical you 
reading 
Translation foreign articles that would help with 
list references books and articles any metallurgical subject. 
| 4 


Informing the members new articles interest them engineer. 
Patent 

The Library Bureau makes the entire field literature available every member, distance 
eliminated, for will copy the desired information and send you. also helps the 
man supplying information without any expenditure his time. 

personal work merely its cost. 
Through the courtesy Nelson Littell, have secured additional library service for 
members the service comprises the selecting and supplying copies 
rrent patents, specified subjects, they are issued the Patent Office 


The charge for this 


Mr. Littell review the Official Gazette each week, selecting those patents subjects 
| ras 


individual and order separate copies mailed directly them from the 
Patent Office. Subscribers may specify the field patents which would interest, 
they may supply list their products and manufacturing processes whereby Mr. Littell 
judge what current patents would interest them. 

cost for this service $10.00 per plus cents per copy for each 
patent furnished. 
The Library Service does not obtain any profit from the work, but does this make the 
information contained the large with which has connection available every 
The rates are follows: 

Photo Print Copies articles, drawings, per sheets, 
Searches, abstracts, ete., $2.00 hour. 
Translation, $6.00 per thousand words for French German; 
for other languages. 

Reference card service, giving. reference current magazine articles, $10.00 year 

advance, and for each card mailed. 


Members desiring avail themselves this service should address 


7.50 and upwards 


Librarv. Bureau, 


AMERICAN SOCIETY FOR STEEL TREATING 


7016 EUCLID AVENUE CLEVELAND, 
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Uses and Properties 


Steel 


KNOWLTON 


Metallurgist the Fort Wayne Works 
the International Harvester Co. 


THOROUGH discussion the processes used heat 

treating and the specific uses the various types 
plain carbon and alloy steels. written understandable 
language for the benefit production men and those who are 
not trained metallurgy. Each process and type steel 
separately emphasize its particular usefulness 
and clarify the reader’s ideas its adaptability. 


The author has spent years factory work, and for sev- 
eral years taught these subjects production men who had 
training chemistry metallurgy. This book the result 
years experience using heat treating methods and special 


Send your order, accompanied check 


steels, and aching their 
CONTENTS low and medium carbon steels for case hardening 
_Steels heat treatment case 
physical defined hardened parts 
what heating and chromium steels materials and equipment for 
quenching nickel-chromium steels 
high carbon steel fractional percentages 
tool steels manganese steel errors case har ening 
causes failures manganese steels treating equipment 
warping and cracking vanadium steels heat treating methods 
hardening molybdenum steels heat treating equipment for 
differential hardening case hardening mass production 
427 pages with illustrations Cloth bound, 6x9 
Price $4.50, postpaid the U.S.A. Foreign, $4.75, postpaid 


7016 Euclid Avenue Cleveland, Ohio 


American Society for Steel Treating 


When writing advertisers, please mention TRANSACTIONS 
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AmMiness 


kwh 


Time Cut Two-Thirds 
Aerocase Process Treating Alloy Steel 


heat 
into the red, let Aerocase—The Advanced Hardening 
are Process—save you time and 
Iness grade alloy steel (S.A.E. 6115) was treated. The chart il- 
lustrates graphically the carbon content the case obtained 
this steel after treatment for three hours the Aerocase bath ‘at 
1550 degrees The depth carbon penetration expressed 
along the horizontal axis thousandths inch. The carbon 
concentration expressed per cent along the vertical axis. 
pecial Carbon determinations were made cut 0.005” taken from 
bars cooled lime. Izod bars auenched oil had average 
impact value ft. Ibs. The hardness readings are 


the chart. 
ase 


Izod bars the same steel were pack carburized 1650 degrees 
Ten hours the furnace were required produce case 
The bars were then cooled the box and reheated 
1420 degrees semi-muffle furnace and quenched oil. 
The average impact value was ft. Rockwell 


ipment for scale readings varied from 58. 


6x9 The speed and economy the Aerocase bath apparent. The 
any hardening department. Let demonstrate. 


pment for 


ting Industrial Chemicals Division 
Cyanamid Company 


555 Avenue New York 


writing American Cyanamid Company, please mention TRANSACTIONS 
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Nickel Chrome Alloy 


Manufactured under Patent 1,455,651 


for 
Carbonizing Boxes and Covers, 
Rails, Grids, Furnace 
Parts, Tubes, Dies, Cyanide 


and Lead Pots. 


Made 


Swedish Crucible Process. 


Will give satisfactory and low 
operating costs. 


Write prices send your blue prints. 


SWEDISH CRUCIBLE 
STEEL COMPANY 


When writing Swedish Steel Co., 


please mention TRANSACTIONS 
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THE 
MAN 
THE 
FIRE 


him turn out satisfactory prod- 

uct giving him those materials 
work with which have proved their value 
for the purpose intended and which are 

guaranteed give results under prescribed 
conditions. 


FOR SURFACE HARDENING 
LOW CARBON STEEL 
face and comparatively soft, and tough 
core must secured, use 


make your own bath, using 


base, adding inert salts proportions 
which have proved best for your own needs. 


FOR GENERAL 
HARDENING AND ANNEALING 


CHEMICALS No. ranges 300-1700 


Ask for literature giving detailed 
information 


ROESSLER 


East 40th Street, New York, 


Writing Roessler Hasslacher Chemical Co., please mention TRANSACTIONS 
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Application 
Science 


the 
Industry 


Associated with the Brown- 
Firth Research Laboratories 


Shefheld, England 


PPLICATION SCIENCE THE STEEL 
INDUSTRY the 1928 Campbell Memorial 
Lecture, delivered before the annual convention 
the American Society for Steel Treating. Dr. Hat- 
field reviews the British steel and ingot making prac- 
tices. deals length with the special steels such 
wear resisting steels, magnet steels, cutlery and 
high speed steels. chapters are devoted cor- 
rosion, acid and heat resisting steels. The author 
presents wealth original data covering these two 
fields. 


154 pages 6x9 figures Cloth bound 
Price $2.50, postpaid the U.S.A. 


Send your order, accompanied check 


American Society for Steel Treating 


7016 Euclid Avenue Cleveland, Ohio 
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ADVERTISING SECTION 


Thermo-Elements for su- 
perior e.m.f. characteristics 
—homogeneity hardness 
—constancy calibration 
under prolonged heating. 


ENGELHARD 
Thermo-Elements are made 
four types, covering 
dustrial use. 


PLATINUM 
90% Platinum, 10% Rhodium 
Unequalled for temperature measurement 
element element and lot lot guar- 
mended wherever accurate measurement 
temperature required; especially 
glass and ceramic plants. While first 
cost several times higher, life much 
more than proportionately 
used elements may reclaimed. 


IRON-CONSTANTAN 
Recommended for temperatures below 
900° C., especially for uses neutral 

reducing 
ability guaranteed 
thermo-couples and from lot lot 
within When properly protected, 
currents. 


CHROMEL-ALUMEL 


Recommended for temperatures not above 

1000° neutral oxidizing con- 
ditions. Interchangeability 


COPPER-CONSTANTAN 


Recommended for accurate temperature 
measurement where the thermo-electric 
system most convenient, range not 

exceed 200° Considered the most ac- 
curate base metal 
Interchangeability within for 

very accurate work small areas where 
quick readings 


Years constant research 
collaboration with our 
companies have 
resulted 
standard Rare and 
Base Metal Thermo- 
Klements which 


R.. 


gard- 

less of 
your need, 
whether 
where initial 
temperatures 
racy are involved, 
perature range, will 
pay you obtain your 
thermo-elements from 
equalled research facilities 
this field. Many industries 


nation have 


come with their element 
problems and through our experi- 
ence 
the desired results. 


may 
obtaining 


Complete data, temperature tables and 
insulation recommendations 


sent 
promptly upon request. 


and indicating 


instruments Chicago, New York, 


Pitt 
: no ‘emperature and gas control, py- FOR e burgh, Cleveland, St. Louis. R. E. 
ter analyzers, thermo-couples, Chase Co., Tacoma, Wash., Jen- 
thermometers, YEARS sen Instrument Co., 
les, Cal. 


When writing Charles Engelhard, Inc., please mention TRANSACTIONS 
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Return 


the Recuperator Investment 


The 
Completed 
Furnace 


im? 

Refractories 


fe 
ra 
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Cross Section Showing Position “Carbofrax” 
Tubes Recuperator 


The CARBORUNDUM Company 


WILLIAMS WILSON, LTD., CANADA 


PACIFIC ABRASIVE SUPPLY 


When writing Carborundum Cempany, please mention. TRANSACTIONS 
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ADVERTISING SECTION 


that only half the story 


this combination MUFFLE 


ENAMELING FURNACE and Carborundum 
Company RECUPERATOR 


teg. 


HREE years ago designed and built enameling furnace 
for the Kalamazoo Stove 


This furnace operates with foot Carbofrax Muffle and has 


been constant use hours day—throughout the operating 


Its output 9,200 square feet gauge sheets per hours 
ted held 1520 1600° for Operating costs show 
cents per 100 square feet $4.61 per ton metal. 
Low cost operation, increased production and high quality 
ware are very definitely the 
But the record this equipment end here. 
Our engineers recommended and installed Carborundum Type 
Recuperator above the arch the furnace reclaim the waste heat 
for use drier formerly fired gas. 
The following results were obtained: Sheets dried uniformly and 
thoroughly about less rejected greater 
production—and real saving operating costs. 
annual saving $1,786.70 over the gas-fired dryer. 
3 PANY FOR I Pr 
any Perth Amboy, New Jerse 
CHRISTY FIREBRICK COMPANY, ST. LOUIS, 


SAN FRANCISCO AND LOS ANGELES 


When writing Carborundum Company, please mention TRANSACTIONS 
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ORGING billets suitable for gen- 

eral forge work are made 
Midvale either straight carbon 
steel any alloy composition de- 
sired—including chrome vanadium, 
carbon vanadium, chrome nickel and 
nickel. Midvale Billets assure the 
utmost safe and reliable forgings. 
Consult about your steel require: 
ments and shall help solve your 
problems. 


THE MIDVALE COMPANY 
PHILADELPHIA 


When writing The Midvale Company, pleasé mention TRANSACTIONS 
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FURNACES 


and FUEL 


Ferrous and Non-Ferrous 
Metal Parts— Without Trays 


manner that permits individual exposure and continuous charging and 
discharging the unit pieces but one the many features 
furnace illustrated above. 


offered the 


Stock heated may charged random, movement through the fur- 
nace without distortion being accomplished with special form alloy metal 
conveyor. Heated stock may delivered shower bath for 
from inside the furnace chamber through the working opening. 


economy operation and quality heat-treated product this furnace 
shown marked superiority over methods previously employed 


and 
would welcome opportunity tell you more about 


we 
Write for Bulletin 280-C 
New York 


Detroit 
Chicago 


Montreal, Canada: 


Beaver Hall 
Square 


Member 


When writing please 


Rockwell Co., 


F : 
q 
: 


treating 
with 
mesh 
conveyor 
keeps 

moving 
heating 
uniform speed. 


heat 
machine 


continuous 


the work 


Heating Machines 
that Lead Production Schedules 


that 


through 
chamber 


4 


conveyor heat treating machines are the solution many production 


problems—to keep ahead working schedules. many cases, manufacturers have 


turned their requirements over with the result that Gas Furnace 
Company heating machines have introduced new economies and improved their product. 


Having specialized all classes gas heat treating machines for more than fifty 
there good cause why “American” Gas Furnace Company units are successful 
the various applications for which they are designed. 


invite correspondence concerning any standard equipment 
made any special machines you may require. 


AMERICAN GAS FURNACE 


ELIZABETH, 


Heating Machines 


Brazing Furnaces and 


Tables Melting Furnaces 
Burners Muffle Furnaces 
Make Burners for Electric Lamp Oil-Tempering Furnaces 
Bulb Manufacture Oven Furnaces 
Automatic Heat Con- Carburizing Machines Rivet Heaters 
trollers Carburizing Furnaces, ‘Soft Metal and Lead 
Automatic Quenching Vertical Retort Hardening Furnaces 
Tanks Cyanide Furnaces Sweep Reducing Furnaces 
Blowers Cylindrical Furnaces Tube-Heating Furnaces 
Blowpipes Blowtorches Forges Every Type Gas Blast 
Hand and Stand Forges, Glass Bending Burner, Furnace and 
Boosters, Gas Heat Exchangers, Heating Machine for 
Brass Melters Thermo Syphon Industrial Uses. 


{RE Bis 
7 
> + + +, 
When writing American Gas Furnace Co., please mention TRANSACTIONS 
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Rockford Drop Forge Co. 
Saves $6,840.66 per year using 


—and this 
Survey 
ells how 


Write for 

your copy 

Survey 
No. 


Rockford Drop Forge Company, Rock- 


ford, operates oil fired furnaces 
Furnace temperatures from 2300 2400 Degrees 
product. They formerly used Fire Brick bottoms all 
years these furnaces—encountered the following dis- 
advantages: Short Life (about Months)— 

Weekly Repairing and Patching necessary—Ex- 


cessive amount slagging. 
PLASTIC K-N properly 


prepared Chrome years ago the Rockford Drop Forge Com- 
shipped pany started using PLASTIC K-N—today they 


“ready for use” steel con- USE EXCLUSIVELY all their furnace 
tainers 200 Ibs. Net Wt. 


Ibs. Gross Wt. PLAS. bottoms—with the following “proven 
K-N the Long Life—Low Upkeep Costs—Freedom from 
inent and reliable 

for Mono- 


skilled K-N, instead Fire Brick and Clay. 


Distributors Principal Cities 


AND COMPANY 


REFRACTORIES DIVISION 
CHROME, MAGNESITE AND SILICA REFRACTORIES 
BULLITT BUILDING PHILADELPHIA 


“Pioneers Chrome Refractories” 


When writing Lavino and Company, please mention TRANSACTIONS 
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CORROSION AND OXIDATION RESISTING CONTAINERS 


NICE 


-AD- 


H-NIiICLAD— 


Ideal Containers for 


CYANIDING, ANNEALING, 
HEAT TREATING and 
METAL MELTING SERVICE 
The interior protects against 


corrosive and leaching action 
chemical and metallic baths. 


The Nickel welded exterior pre- 
vents oxidation high temper- 
ature furnace gases. 


for our 
Flannery Manufacturing Co. 


Flannery Building 


NIC 


When writing Flannery Manufacturing Co., please mention TRANSACTIONS 


NICLAD NICLAD NICLAD 
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of the f 
> . 
| 
j 


ADVERTISING SECTION 


DONE WITH HEAT, YOU CAN BETTER WITH GAS 


7 


tunnel kiln has revolutionized many branches the ceramic 

industry. Ten years ago tunnel kilns unheard 

of; today hundreds are use. And generally acknowl- 

edged that gas heat large way responsible for the 

development the tunnel kiln its present state efficiency. 


Tunnel kilns are essentially gas-burning equipment. 


AMERICAN GAS 
420 Lexington Avenue, New York 


aan 


When writing American Gas Association, please mention TRANSACTIONS 


Se 
; 


the largest manu- 
facturers electrical 
materials has just ordered 
electric hi-speed furnaces 
which Strong, Carlisle 
Hammond Engineers design- 
for high speed steel treat- 
ing. This one shown 
operating with test materials 
before shipment. 
This furnace designed operate 
2450° and can brought heat 


load 79.2 KW; the other, 39.6 KW. 


SCGH Furnaces 
are made for 
annealing, 
hardening, car- 
burizing, forg- 
ing, 
lead hardening 
oil tempering, 
ete. 


INDUSTRIAL FURNACE MANUFACTURERS 


STRONG 


Completed, then work-tested 


GLO-BAR heating elements are arranged 
3-phase, cycle, 220 volt and connected 
delta. Elements are arranged pairs, 
connected series, two each side 


hearth and two beneath, all fully muffled 


from the work. Elements have 


terminals. 

Working space 
wide 22” deep. Thickness 
side walls back 
walls top and 
bottom Furnace has 


G-E automatic panel with 
delta switch and Leeds 


Northrup controller. Further 
particulars request. 


CARLISLE 


HAMMOND 


CLEVELAND, OHIO 


Furnaces 


are built 


sizes Oven, 
Pot, Continuous, 


and Special 


Types for 
tric, Oil or Gas 


When writing the Strong, Carlisle Hammond Co., please mention TRANSACTIONS 
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Utica progressive perforating, blanking and forming punch 


UTICA 


OIL- HARDENING TOOL AND DIE STEEL 


UTICA tungsten alloy tool steel having several excellent 
characteristics. deep hardening, develops high degree 
hardness, and has marked non-deforming properties. will 
maintain keener and more lasting cutting edge than straight 


carbon tool steel and designed for extremely heavy work. 


Utica especially suited for taps, threading tools, reamers, 


drills, and broaches. also recommended for press tools, 
particularly for punches and dies complicated shape. 


Let send you the Ludium Tool Steel Catalog giving 
applications and treatments for the entire Ludium Line. 


SPECIAL ALLOY STEELS NIROSTA, NITRALLOY STRAUSS METAL 
q 
ONS When writing Ludlum Steel Co., please mention TRANSACTIONS 


TRANSACTIONS: THE S..T. lune 


Selected Materials 
Superior Facilities 
Expert Knowledge 
Skilled Workmen 


Careful Supervision 


Rigid Inspection 


All these into every ton 
Interstate Alloy Steel you may 


buy and these are the reasons 

Interstate Alloy Steels continue 
the high reputation they 

have had for years meeting 


the most rigid requirements 
the world’s largest users. 
INTERSTATE IRON STEEL CO. 


104 South Michigan Avenue 
CHICAGO Aut 


Bars, Wire Rods, Wire, Tacks 
Iron Bars and Railroad Tie Plates 


When writing Interstate Iron Steel Co., please mention TRANSACTIONS 
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ADVERTISING 


carburizing fan shafts 


ETALLURGICAL 


SECTION 


the Approval Industry 


quench harden 


are The unusual 
(approximately 675 cu. 

says the superintendent the gas per hour, carburizing 
Company per hour 1650° F.) 


case hardened 
reheating and 


penetration 


Rockwell 


accomplished 


case depth with reheat and 


automatic proportioning two-stage velocity 


burners, scientific 


construction 
ployed the furnace design. 


carburiz- 


remarkably The shafts are reheated, 
uniform car- ing, 1480° 
hardness type continuous furnace 
quenched 
Tal ‘oO ) 4 SC rs ‘egu- 
two proportioning, Burners regu 


Furnaces the rate 4000 shafts late the temperatures 


formation absolute 
Shafts are hardened every 


carburizing furnace, 


containing 


continuous type, ft. 530 gas. 
the -sheet 
the fur- The same assurance 
cast alloy given you 


minimum. 


satisfaction 
heat treating opera- 
information. 


tions. Write for complete 


The Surface Combustion 


INCORPORATED 


Subsidiary Henry Doherty Co. 


2375 DORR STREET, TOLEDO, OHIO 


Branch 


Mantle Recuperator Division Webster Engineering 
WEBSTER BOILER BURNERS 


Member Industrial Furnace Association 


RECUPERATORS 


Offices All Principal Cities 


Combustion Company, please mention 


TRANSACTIONS 
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‘ 
Automotive due the 
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free from scale, and 
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Spe i] the heeting anc 
hour 320 cu. 
With counter flow travel, 


Initial Reduction Pass Indicates 
Surface Condition the Finished Bloom 


First Pass Gathmann Ingot First Pass old type Ingot 
Corner Reduction Light Corner Reduction Heavy 


clear the engineer from.a study the 
above contours why the new Gathmann ingot cross 
section solidifies and rolls such advantage. 

solidification the skin the ingot flexible and 
the entire mass free contract without danger 
the skin breaking. 

rolling the ingots, the relatively narrow primary 
sides are outwardly large extent parallel 
with the axis the rolls rather than stretched flowed 
longitudinally. The free, unworked adjacent sides are 
thus deformed only slightly, all, during the initial 
pass the rolls. 


Give opportunity discuss your ingot designs 


and rolling mill problems. Our recommendations 


entirely without obligation. 


The 


BALTIMORE, MARYLAND 


GATHMANN ENGINEERING 


“Designers Ingot CO. 
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When writing Gathmann Engineering Company, please mention 


for higher qual- 


the makers MISCO insist that 
and shall reflected every 
fundamental. close inspection 


Sheet Carburizing Containers here 

trated reveals engineering, foresight, cor- 

performance. 


long life. The light, 
section permits rapid 
enetration, and the low 


ADVERTISING SECTION 


use MISCO strip for the open edge 
provides 


ALLOYS 


Bars, Sheets, Wire—Welding Wire 

Furnace 
Nuts 


Replaceable Wearing Strip (Roof Pat’d Type) Rolling Mill Guides. 


writing Michigan Steel Casting Co., 


Sheet Carburizing Containers 


weight makes for ease handling with less 
waste metal heat. Compared with cast 
containers the same capacity they are 
50% lighter. 


MISCO welding practice proven 
strenuous service tight 
seams and joints. “double check” each 
container undergoes rigid test and inspec 
tion. MISCO Sheet Containers Carburiz 
ing use are licensed under Hen 
derson patent and 
may had any size, round 
sheet base, with without legs. 


assures 


Send for Bulletin 


MICHIGAN STEEL CASTING COMPANY 


DETROIT, MICHIGAN 


MISCO) ially Designed Cast Sheet Car 
MISCO Cyanide Pots and Dipping Baskets 


Chain—MISCO Trays—MISCO Rivets, Bolts and 


please mention TRANSACTIONS 
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TRANSACTIONS 


EPTIONAL 


EXC 


TRANSACTIONS 


mention 


please 


Company, 


Machinery 


National 


When writing 


™ 


ADVERTISING SECTION 


ODAY the progressive forge shop producing parts which 
year ago were considered commercially 
longer intricate shapes, unequal cross-sections, irregu- 
lar contours deep holes prohibit machine forging. And 


machined away. 


The accompanying illustration clearly indicates the increasing 
variety parts which can now forged. The up-to-date 
forger has made this possible recognizing the recent devel- 


opment modern forging equipment. 


The New National High Duty Forging Machines and National 
Die Methods are expanding the field forgings.” 
Many progressive forge shops, assisted new Nationals, 
are prepared reconsider the prints which were formerly 


returned impossible. 


National High Duty Forging Machines 
are sold 


CHAMBERSBURG-NATIONAL 


COMPLETE FORGING EQUIPMENT 


Offices 

PA. TIFFIN, OHLO 
NEW 152 B sled St. CHICAGO. 565 BDarhington St. 
2457 Woodward Avenue 


The National 
Machinery Company 
Tiffin, Ohio, 


Vhen writing National Machinery Company, please mention TRANSACTIONS 
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THE MONOTRON 


Hardness Indicator 


The MONOTRO 


Scleroscope alone can 
used polished mill rolls, 


etc., etc. 


HARDNESS INDICATIONS MADE 
WITH THE ARE 
MOST ACCURATE AND DEPEND. 
ABLE; ALSO MOST SPEEDY. 


Adopted and Used Discriminating 
Engineers and Manufacturers This 
Country and Abroad. 


PRINCIPLE AND OBJECT 


The MONOTRON like the Brinell test 
uses Static Pressure. has standard 


pressure scale and special corrected 


micrometer gauge for faithfully measur- 
ing the depth penetration including 
hardened steel. This combination yields 
hardness test that scientifically correct. 


The object the MONOTRON 
indicate true Quantitative and Qualitative 
values faithfully indicating: 


Unit resistance HARDNESS 
the ELASTIC LIMIT. 
FAILURE POINT different 


stages. 

measure ELASTIC RECOV- 
ERY. 

FLOW. 


etc. 

DEPTH. 


The MONOTRON not the most ex- 


pensive machine install. Interesting 
bulletin free upon request. 


The 100% Portable Scleroscope has for 
many reasons become indispensable. 
universal use for Hardness Testing, 
comparatively inexpensive, rapid and 
accurate. Send for latest bulletins. 


Interesting Bulletin sent free upon request 


The Shore Instrument Mfg. Co. 


Van Wyck Ave. and Carll St. 


When writing The Shore Instrument Mfg. Co., please mention TRANSACTIONS 
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Make 


ullt 


PRODUCT the famed 
manufacture the model 
AKW one 
the most valuable 
around” microscopes ever 
produced. 


Its uses are legion for its extremely wide field, long working distance 
and stereoscopic effect adapt for examination metal surfaces, 
inspection raw materials and products process manufacture, 
well many other branches industry. Image not in- 
verted reversed. The drum nosepiece permits change mag- 
nification with but slight adjustment focus. 


Starting Bausch own optical glass plant, the largest 
America, every operation the manufacture the AKW 


controlled experts working the most exact standards 
precision. 


Write for catalog D-15 
BAUSCH LOMB OPTICAL CO. 


638 St. Paul Street Rochester, New York 


Orthogon Eyeglass Lenses for Better Vision 


When writing Bausch Lomb Optical Co., please mention TRANSACTIONS 


ADVERTISING 
| 


Our development division, which composed staff 
men who have had many years’ experience the manufacture 
chrome iron alloys, will work out applications, will furnish 
comparative costs, and give suggestions for equipment and tool 
design upon request. 


Rustless Iron Corporation 


Detroit 


2100 


Bldg. 


Pittsburgh 
Grant Bldg. 


Parts may designed lighter gauge when 
Rustless Iron used. The comparative 
physical properties show superior other 
corrosion resistant metals. 


specific gravity Rustless Iron ex- 
ceptionally low. There are more square feet 
certain gauge the pound Rustless Iron 
than many other metals. 


The manufacturing cost Rustless Iron 
articles usually lower than the cost pro- 
ducing the same articles from other corrosion re- 
sistant metals. many cases Rustless Iron has 
replaced plated non-ferrous metals with con- 
siderable saving equipment and labor cost. 


America 


Executive Office orks 
122 East 42nd Street, New York 


Fisher 


considering the adoption 
RUSTLESS IRON the following facts 


Baltimore, Md. 


Chicago 
310 
So. Michigan 
Blvd. 


Philadelphia 
Bldg. 


When the Rustless 
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Corporation, please mention TRANSACTIONS 


Vhen 


ADVERTISING 


FAHRALLOY 


ship 
ment 165 


(patented) 


Setting Remarkable Service Records! 


EFINERS non-ferrous metals the Installation 
value FAHRALLOY through the improved service Proves 
FAHRALLOY are standing remarkably the end nearly 


their attention the heat and corrosion resistant FAHRALLOY Pat 


ties this unusual alloy. 


ing machines that metal refiners everywhere are giving 


made for 

industry, wherever heat and corrosion must 

more frequently the logical answer. other form failure. 
This alloy made many distinct analyses meet has now ordered 
varying service conditions, stands under high tem- complement 


FAHRALLOY Grate 
Rapid heating cooling does not change its form ing machine. 


peratures, and does not warp, bend, crack burn, 


strength. tion the shipment 
pictured above. 
For Every Heat And Corrosion Appli 
cation” has acquaint you fully with used nearly 
the possibilities this unusual alloy. Write five hundred Patented 


FAHRALLOY Grates 

the application FAHRALLOY your own years. They have 


copy now .the economies available 


SOUTHERN MANGANESE DIVISION 


the American Manganese Steel Co. 


Plant—General Office, 6604 Ridge Ave., St. Louis, Mo. 


SALES AND ENGINEERING OFFICES 
New York, Chicago, Pittsburgh, Cleveland, Detroit, Denver, 
Oakland, Los Angeles, New Castle, Del.; Easton, 
Chattanooga. 


writing American Manganese Steel Co. please mention TRANSACTIONS 
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TRANSACTIONS THE 


| 


QUALITY 


For those who appreciate the highest quality heat 
castings the above photograph will significant. show 
some the special alloy castings recently made for the 
copper billet heating furnace ever constructed. 


These castings incorporate materials and designs, the 
problems peculiar copper work. 


Your problems will receive the same application 
principles, placed our hands. 


MICHIANA PRODUCTS 


CHROBALTIC DIVISION 


Michigan City 


Branch Offices All Principal Industrial Centers 


When writing Michiana Products Corporation, please mention TRANSACTIONS 
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hardness 


ADVERTISING SECTION 


hardening nitriding develops hardness steels not obtained 
other case hardening process. The case these steels have Brinell 
several hundred points higher than the maximum figures obtained 
with steels hardened ordinary case hardening and quenching methods. 


Mahr Nitriding Furnaces 


Nitriding carried out low temperatures that there practically 
with deformation, distortion and cracking the steel. 


Our engineers are prepared show you where nitriding can used 
advantage your manufacturing process. 


MAHR MANUFACTURING COMPANY 


Minneapolis, Minnesota 
Offices Principal Cities 


PMENT 


When writing Mahr Mfg. Company, please mention TRANSACTIONS 


INDUSTRIAL OIL AND CAS BURNING 


TRANSACTIONS 


THE 


Uniformity 
with the AEROCASE 


HESE photomicrographs show the uniform car: 

bon. penetration obtainable the 
Process. 1020 steel bars were treated 
the bath 1600 degrees Specimen bars were re: 
treated samples were cooled lime; polished and 
etched. These results may secured regularly 
your hardening department, one-third 
required any other process. 


The Aerocase bath consists Compound No. 
which added activating Compound No. 
plied 2-1/3 oz. blocks. The bath strength 
readily maintained and carbon released stee! 
quickly and evenly. remarkable freedom from 
bath fumes noticeable. Better, more rapid, and 
more economical hardening inevitable. 


There one sure way save time and assured 
consistently uniform results your 
department—use Aerocase—the Advanced Harden- 
ing Process. Let know your requirements 
will tell you how meet them more 
with Aerocase. 


Industrial Chemicals Division 


American Cyanamid Company 


When writing American Cyanamid Company 


please mention TRANSACTIONS 
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ADVERTISING SECTION 


When writing Electric Furnace Company, please mention TRANSACTIONS 


Guaranteed Uniform 
secured 


Automatic Temperature Control 


Your Sales Aid 


enthusiasm confidence 

which comes that 
one’s product soon reflected 
the sales record. 


ment can 
stalled 
ate equally wel 


example, improvements pro- 
duction methods made possible au- 
tomatic control heat treating tem- 
peratures, has very close relation 


heated furnaces 
ovens, etc. 


signed 


for control work 
Such control assures correct process- 


ing work day after day, month parts 
month; with elimination spoilage, Bristol’s 
Controller. For ranges construct 

pense, etc. therefore very ap- 
parent that not only will the 
product consistently more uni- successful installations, 
form, but the saving effected may equipment capable 


gitimately applied lowering the trouble-free operation. 
selling price consumers. This gives. 
the salesman double advantage 
both price and quality. 


Without obligation you, 
Sales Engineers are available 
survey temperature po» 
sibilities your plant. 


The Bristol Company 


Waterbury, Connecticut 
Branch Offices 


Pittsburgh Akron Birmingham 
San Francisco Denver 


Boston New York Philadelphia 
Chicago St. 


When writing The Bristol Company, please mention TRANSACTIONS 
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ADVERTISING SECTION 


Can you use the X-Ray profitably? 


invitation submit your problem 


Radiograph weld 

steel 134" thick, 
that had been 
examined sectioning 
note the fine line the 
The surfaces 
sectioning showed 
only two small gas holes, 
but this radiograph re- 
vealed many more holes. 


This radiograph was 
then made 90° 
definitely locating the 
position these holes. 


Thus 
used detect incor- 
practice welding. 


Join us 


When writing to General Electric pf Ray Corp., please 


longer questioned leading investigators. Just how 
practicable for you can determined only close 
study your problems. welcome the opportunity 
collaborate with you making such experiments will 
show x-ray laboratory profitable you. 
With the extensive facilities our experimental labo 
ratory, and practical knowledge gained through helping 
others toward the solution problems with the x-ray, 
are position give reliable advice the indus 
trial use radiography. 
Careful attention will given requests for further information. 


GENERAL ELECTRIC 
X-RAY CORPORATION 


2012 Jackson Boulevard Chicago, IIL, U.S.A. 


FORMERLY VICTOR {ies X-RAY CORPORATION 


the General Electric hour, broadcast every Saturday evening over nationwide network 


mention TRANSACTIONS 
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surface 


ETHALON, was 


at the speed 


face teet 
per minute, 
which 


tionally 
high for 
stainless 
metal. 


TRANSACTIONS 


and 


like ordinary screw stock! 


Just what you have been looking 
for! easy-machining, 
metal use making the count- 
less automatic screw-machine parts 
which immunity corrosion 
highly desirable. Bethalon com- 
pletely immune corrosion from 
ordinary influences; can ma- 
chined easily ordinary screw 
stock; and addition possesses 
exceptionally desirable combination 
physical properties. 


You are invited try 
this new, free-machining, 
metal 
automatic screw-machines 
and see for yourself how 
smoothly goes through 
without changing the feed, 
speed, depth cut, al- 

tering the set-up in. any 
way whatsoever. Subject 


feet 


made 


150 sur- 


test machinability—drilling 
you have ever 
tried machining stainless steels 
Bethalon under drilling and bo! 
ing operations has astonished 
who have experienced the 
ties that ordinarily attend the 


boring. 


will get surprise. 


chining stainless steels. 


developed the Bethlehem 
Steel Laboratories and made 
Bethlehem Tool Steel Plant. 


BETHLEHEM STEEL 


delphia, Baltimore, 
Pittsburgh, Buffalo, Cleveland, 


Detroit, Chicago, St. Louis. 
Pacific Coast Distributor: 
Corporation, 
Seattle, Portland, Honolulu. 
Export Distributor: Bethlehem 
Corporation, Broadway, New 


BETHLEHEM 


When writing Bethlehem Steel Company, please mention TRANSACTIONS 


General Offices: Bethlehem, 


machined 
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ADVERTISING SECTION 


Hagan engineers have designed 
and built furnaces for many 
the most prominent manufac- 
turers every line industry— 
for heat-treating, forging, enam- 
eling, carburizing, annealing, 
fact for every industrial purpose. 


ines 


Such widespread confidence 


industry must deserved—a 


confidence built the bedrock 

true engineering ability, proved 

steels you performance—and past achieve- 

ished met 


cooperate with you. 


Chicago Detroit 


Jackson Blvd. 155 St. 
San Francisco 
273 Seventh St. 


lant. 


FURNACES 


When writing George Hagan Co., please mention TRANSACTIONS 
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ELECTRIC RNACES 
Produce 


Write for information 


Ajax Corporation 


Trenton. New 


Vice Pres. and Tech. Adviser 


When writing Ajax Electrothermic Corporation, please mention TRANSACTIONS 
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ADVERTISING SECTION 


REDUCE POT COSTS with 
CALORIZED STEEL 


the most economical heat enduring material available. 


Increases heat conductivity steel main- 
tained Calorized surface. 


Will not scale. (Scale reduces heat transfer). 


pot leaks due porosity cast steel alloy 
containers. 


Calorizing costs less than the plain steel 


But Calorized pot will outlast three four plain ones. 


THE CALORIZING COMPANY 


WILKINSBURG STATION PITTSBURGH, PA. 


When writing Calorizing Company, please mention TRANSACTIONS 
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This 


Hardness Tester 
has paid for itself—and new 


well-known Link-Belt Company short time ago sent all 


their Chrome Vanadium Pinion Gears outside concern for hard-. 


ness tests. 


They now use the new Olsen Motor Drive 


Tester 


and this 


“Checks purchased material. Saves tool breakage. Was for- 
merly done outside. Olsen speeds production and avoids 
guesswork. Had trouble and has paid for itself number 
tests made and saving tools.” 


the story. You can profit this experience, and make sure 
each piece tested. Get complete details. 


TINIUS 
Testing Machine 


502 12th PHILADELPHIA, PA. 


When writing Tinius Olsen Testing Machine Co., please mention TRANSACTIONS 
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ADVERTISING SECTION 


TRENT heat generated 


starts and less loss while standing idle. 


It’s all told Bulletin TB-20 


Harold Trent Co. 
443 12th Street, Pa. 


Manufacturers 


Pittsburgh Boston Chicago Cleveland 


Elec trically Heated 


Seattle St. Louis Los Angeles Minneapolis 


acting. 


necessary, therefore, use the highest grade 
raw materials entering into the construction auto- 
mobiles, machine parts, etc. 


the manufacture our various metals and alloys, 
must use, and use, the highest grade ores, 
oxides and aluminum. 


Pure Chromium 


Tungsten Powder 97-98% Pure Chromium 97-98% 
Pure Manganese 96-97% Ferro-Tungsten 
Ferro-Chromium 60% Ferro- Titanium 25% 


Ferro-Vanadium 35-40% (1% Silicon) 
Send for Pamphlet No. 2021 


METAL THERMIT 


120 Broadway, New York City 


Pittsburgh Chicago San Boston Toronto 


When writing the above companies, please mention TRANSACTIONS 


within work... 


thus getting greater part every kw. 
actually into the work than has ever been 
done before. using walls having com- 
bined insulating and refractory powers, waste 
radiation almost negligible—hence, quicker 


Industrial Equipment 


Automobile and other Alloy 
Steel Specifications 
coming more and more ex- 
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CARBURIZING 


COMPOUND 


This compound will produce the re- 


sults you desire for your case-hardened 
parts. 


economical, will not produce 
obnoxious dust, heats through quickly, 
does not deteriorate with heating 
screening, has small shrinkage, and 


contains elements injurious steel. 


Send for Folder 


WHEELOCK, LOVEJOY CO., Inc. 


CAMBRIDGE NEW YORK CLEVELAND CHICAGO 


Immediate Deliveries 


— 


When writing Wheelock, Lovejoy 


please mention TRANSACTIONS 
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resistance 
dation, abrasion 
high temper- 


New 


once. 


ADVERTISING SECTION 


LARGE manufacturer farm machinery needed 
Pyrasteel carburizing box pusher covers 


These covers weigh each. 


Thursday morning the order was received, and 
covers had delivered Saturday morning. 


Friday, covers were cast and were cleaned 
and shipped the same day package car delivery 
point 200 miles distant. 


Saturday, covers were shipped and the balance 
the order completed the following Tuesday noon. 


That our idea service. 


York, 


CHICAGO 


STEEL 


FOUNDRY COMPANY 


Makers Alloy Steel for Over.Twenty Years 
Kedzie Avenue 37th Street, Chicago, Illinois 


Philadelphia, 


Indianapolis, Tulsa 


When writing Chicago Steel Foundry 


STEEL FOUNDRY COMPANY 


Kedzie Avenue 37th Street, Chicago, 


Send copy your booklet PYRASTEEL. 


Name 
Firm 
Street 


City and State 


please mention TRANSACTIONS 
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TRANSACTIONS THE 


Heat Treating 
High Speed Steel 


HWING Radiation Pyrometers 

actually secure temperature read- 


while being heat treated. And there 
temperature lag. 


Thwing Radiation Pyrometers out- 
last any 
part the radiation pyrometer 
goes into the furnace deteriorate. 
First cost practically 
Maintenance cost negligible item. 


Ask for Bulletin 


Thwing Instrument Co. 
3329 Lancaster Ave. 


STEEL and its HEAT TREATMENT 


BULLENS, Consulting Metallurgist 


ULLEN’S justly famous book now its third edition. 564 pages 

covers every phase modern heat treatment practice. 
Here will found data explaining the difference between $5.00 
combustion and generation heat and the application heat 


useful work; the difference between “control tempera- 
ture” and “control heat the 
relation between temperature, time, mass and the de- 
termination uniformly heated product, the influence 
furnace design and operation the quality and cost finished 
product and the factor governing the selection furnaces 
and fuels, and the use both. New chapters have been added 
Selection Fuel and Electricity, Selection Heat-Treat- 
ing Equipment, and Equipment for Heat-Treating. The latter 
chapter one unusual merit which aims give better 
understanding the underlying principles which govern the 
selection electrical heating equipment. 


For Sale 


American Society for Steel Treating 
7016 Euclid Ave. Cleveland, Ohio 


When writing advertisers, please mention TRANSACTIONS 
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ADVERTISING SECTION 


FERRO-ALLOYS 


vanadium, silicon, 
chromium, silico-man- 
ganese, tungsten and 
molybdenum, ro- 
duced 
Corporation Amer- 
ica, are used promi- 
nent steel makers inthe 
production high- 
quality alloy steels. 


Tradition 
Calls for 

Quenched 
and 
Tempered 
... BUT Production Economy 


Demands Normalized 
Carbon-Vanadium Steel 


RANKSHAFTS Normalized Carbon- 
Vanadium Steel require quench- 
ing. Only simple normalizing needed 
develop physical properties equal 
quenched and tempered carbon steel. 
Because not subject the quench- 
ing operation, Normalized Carbon-Vana- 
dium free from the drastic cooling 
strains and other defects inherent with 
quenching. Springing and warping 
through handling agingare eliminated. 
Normalized Carbon-Vanadium crank- 
shafts, therefore, minimize cold straight- 
ening operations. Balancing problems are 
eliminated, for Normalized Carbon-Vana- 
dium crankshafts, when once balanced, 
always remain balanced and not wear. 
Through practically every step crank- 
shaft production, Normalized Carbon- 
Vanadium Steel effects appreciable econo- 
mies, large mass-production manu- 
facturers know. you haven’t complete 
data the savings that are possible 
with Normalized Carbon-Vanadium Steel, 
write today. 


The VANADIUM CORPORATION 
AMERICA 
Modern Crankshaft 120 BROADWAY, NEW 


CHICAGO PITTSBURGH DETROIT 


for the Modern Car Oliver Bldg. Book Tower 


Plants 
Bridgeville, Pa., and Niagara Falls, 


Made Research and Development Laboratories 


Bridgeville, Pa. 


NORMALIZED CARBON-VANADIUM STEEL 


Requires Heat Treating Minimizes Cold Straightening Eliminates Balancing Problems 


When writing Vanadium Corporation America, please mention TRANSACTIONS 
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SPEED 


R-1 QUENCHING OIL car- 
ries steel through its critical 
range 50% 100% faster than 


the usual quenching oils. 


R-1 QUENCHING OIL car- 
ries steel through lower tem- 
peratures more slowly than the 
usual quenching oils. 


RESULT: Greater hardness 


and greater toughness. 


Write for information and booklet 


VERONA Pennsylvania 


When writing Rodman Chemical Co., please mention TRANSACTIONS 


Rodman Chemical Company 
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ADVERTISING SECTION 


Nickel Cast 


gas engine cylinders are long wearing 


pressure tight! 


LARGE GAS COMPANY now operating 
over ninety 36” gas engines 
manufactured the National Transit 
Pump Machine Company. such 
service the possibility shut-downs for 
repairs must reduced minimum, 
and therefore the selection materials 
having the highest degree wear-re- 
sistance utmost importance. Den- 
sity, adequate strength and toughness 
are essential the satisfactory perform- 
ance castings used such unit. 

The National Transit Pump Machine 
Company providing longer uninter- 
rupted service its units the use 
scientifically correct Nickel Cast Iron. 

Two 9600-pound cylinders, with re- 
movable cylinder liners included the 
assembly one the units, are pro- 
duced from Nickel Cast The 
inders are uniformly dense throughout 


FOR SCIENTIFICALLY 

CORRECT 
CAST IRON 


Upper right: Nickel Cast 

inder used im gas engine. , 
Below: 20" x 36” gas 
engine manufactured 
TRANSIT 
PUMP MACHINE 
CO., Oil City, Pa. 


When writing 


the various sections and are also readily 
machinable. 

The Nickel Cast Iron liners have given 
from two two and half times the life 
the conventional gray cast iron this 
severe service. Not only are these liners 
satisfactorily resisting piston ring wear, 
but they are extremely 
well under the intense heat generated 
the combustion the gas. The 
National Transit Pump Machine Co. 
states that the adoption Nickel 
Cast Iron fire cracks and acid abrasion 
have been eliminated. 


Our foundry specialists will gladly dis- 


cuss your casting problems with you. 


q 
INTERNATIONAL NICKEL INC., WALL STREET, NEW YORK, 
International Nickel Co., please mention TRANSACTIONS 
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THE 
the WEAPON 

THE BETTER 
the SOLDIER 


the World War, whenever doughboy time studies, from which the following 
found abandoned Springfield the de- 
bris the battlefield, would throw away the ‘‘This machine rough turns, bores and 


foreign rifle with which our hard-pressed War faces cast wheels for certain type 


Department had been compelled replenish sliding door. With standard high speed 
our scanty stocks, and seize the more efficient steel tools, the production was 144 wheels 
weapon. Something like this happens ma- per day. With TOOLS, 243 
chine shop when CIRCLE HIGH SPEED than 

STEEL introduced. Machinists try many 


Yet this manufacturer’s annual 
ruses obtain one the new tools. And when ture for cutting tools less than before, for 
they get one, they cling it. CIRCLE TOOLS are long lived. 

large Ohio manufacturer, now standard- order for Toolholder Bits con- 
ized CIRCLE showed number vince you. 


Drills made CIRCLE HIGH SPEED STEEL. may obtained from the 
MORSE TWIST DRILL MACHINE COMPANY, New Bedford, Mass. 


STEEL COMPANY 


When writing Firth-Sterling Steel Co., please mention TRANSACTIONS 


GLOBE WIRE DIVISION 
PHILADELPHIA CHICAGO 
HARTFORD 


ing 


and 
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speed 
wheels 
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TIVWS 


| 
. . . 
pe 
4 


NITRIDING SMALL PARTS 


QUANTITIES 


dimensions—10” 20” Deep. 


Electrical Rating 220 volts. 


Elimination delays between heats; 


TRADE MARK perfect sealing against ammonia leaks; 
exact control dissociation; economy 
power; economy ammonia; priced 


Larger sizes built for 


MILWAUKEE, WIS. 
Branch offices principal cities 


When writing Hevi Duty Electric Co., please mention TRANSACTIONS 
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Rams 


Sow Blocks 


Group Cro-Mol Rams and Die Block 


cast steel replacing 
expensive forgings 

many fields 


ALSO MAKERS WHEELING QUALITY 
CASTINGS 250,000 LBS. 


Rolling Mill and Special Machinery 


Wheeling Mold Foundry Co. 


WHEELING, VA. 


When writing Wheeling Mold and Foundry Company, please mention TRANSACTIONS 
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It's the safe, certain way 
method inspection and the 


familiar DIOK label gives every 
bar, that passes the Acid Etch 


and hardening tests, clean bill 


health. 


steel you buy uniform 


and free from defects 


and impurities. 


The blazing DIOK label your guarantee 
your orders look for your bars. 


THE CARPENTER STEEL COMPANY 
READING, PA. 
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Part Equipment 
Used Exclusively 
for Cutting Discs 
for Inspection. 


Typical Day’s 
Work the Disc 
Inspection Dept. 


What DIOK Means You 


Briefly, means better tools and better dies that will give you 


longer service and reduce your production costs. 


will end the needless waste time and money spent the 
tool room inferior defective material, only see 
bad hardening prematurely fail use. 


DIOK prevents this because eliminates all guess work and 
replaces with the knowledge that every bar uniform and 
free from defects and 


pledge its customers that all tool steel bear- 
ing the familiar DIOK label has been disc inspected the mill 
Acid Etch and hardening tests. DIOK not the name 


steel, but certificate inspection. 


Specify DIOK when you order high-grade water hardening 
oil hardening tool steels. They are instantly available from 
Carpenter warehouse stocks—at premium cost. 


you have copy Technical Bulletin Hot Acid 
means? will send gratis upon request. 


wl 


> SOUND 


THE CARPENTER STEEL COMPANY 
Mills and Main Warehouses: READING, PA. 


Branch Warehouses: 


CHICAGO DETROIT INDIANAPOLIS 
1516 Carroll Ave. 6181 Warren Ave. 633 Fulton Street 
CLEVELAND HARTFORD ST. LOUIS 
1515 Hamilton Ave. 3284 Main Street 4063 Forest Park Ave. 


PHILADELPHIA, Horace Potts Co.. East Erie Ave. and St. 


: q ; 


ADVERTISING SECTION 


EVERY TOOL STEEL 
REQUIREMENT 
CAN MET 


STATE YOUR PROBLEM 
AND 
WILL HELP YOU 


SOLVE 
A descriptive booklet of each brand 
showing applications and recom 
mending proper heat treatment is 
available for the asking 


ill 


” 


Help assure correct quenching con- 
ditions heat treating operations. 
Thousands use all oil cooling 
services. 


Send for bulletin 


The Co., Madison Ave., New York 


Branches principal cities 


When writing the above companies, please mention TRANSACTIONS 


: 
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protects heat affects 


Because the results achieved grain 
structure and wall uniformity are far 
advance all similar sand cast 
castings—the application Fahrite 


matter what your 
requirements tubes 
with both ends closed 

both ends open 
one end open and the 
other closed—we can 
fill them. And 
lengths, remember 
Fahrite Tubes are cast 
long pieces and can 
easily cut short 
lengths. 
limit their appli- 
cation. Let figure 
with you. 


Tubes unlimited. 


structure, the grain these Fahr- 
ite tubes resembles that 
quality forgings, due the working 
the metal under centrifugal action. 
This increases tensile strength and 
elastic limit point never before 
reached casting. 


The elimination blow holes and other sand cast imperfections sure 
preventative cutting tool damage when machining Fahrite tubes. 


Every installation demanding tubes rolls that must resist heat and 
maintain strength Centrifugally Cast Heat Resisting 
Alloy Tubes for most economical operation. 


The Ohio Steel Foundry Company 


SPRINGFIELD, OHIO 


SALES OFFICES SALES OFFICES 

Chicago, Peoples Gas Los Angeles, Calif.—2800 Ala- 

Bldg. meda Street Plants 
Detroit, Mich. 304 306 Blvd. Philadelphia, Penna.—23 So. 15th 

Temple Bldg. Street Springfield 
Houston, Texas—410 Union Nat. Cleveland, Terminal 

Bank Bldg. Tower Bldg. and Lima 
Tulsa, Okla.—422 Wright Bldg. New York, West Street 


When writing The Ohio Steel Foundry Co., please mention TRANSACTIONS 


Heat Resisting Centrifugally 
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ADVERTISING SECTION 


THE VICKERS HARDNESS 
TESTING MACHINE 


provides 


proportional and ab- 
solute standard hardness 
the plastic indentation method. 
There nothing empirical about 
it. will test difficult specimens 
such sheets under .007” thick; 
gear teeth the working face; 
finished coil springs, with- 
out damage. semi-direct 
reading and very fast. 


Catalogues can obtained from the sole distributors: 

EASTERN STATES NEW YORK: 

Riehle Bros. Testing Machine Coy., 1424 Ninth Street, Phila 
delphia, Pa. 

MIDDLE WEST, including PITTSBURGH: 

Mr. Bittner, So. Salle Street, Chicago, 

CANADA: Messrs. Williams Wilson, Inspector Street, Montreal, 


Cuts Carburizing Costs 
reclaiming more compound. Hot Cold Com- 
pound may cleaned and graded one operation 
—ready for re-use. Mixes new Compound with 
the old perfectly. Will separate treated material 
trom the Compound. 
REDUCES DUST 

DOES BETTER WORK 

Write for particulars 


Manufactured 


BROWN LYNCH SCOTT CO. 


Belt Motor Driven 600 Main St., Monmouth, 


PRESSED STEEL POTs 


Most Economical for 


Salt, Lead Cyanide Baths 


Write for Attractive Prices 


The Case Hardening Service Co. 
2281 Scranton Road Cleveland, O.. 


When writing the above companies, please mention TRANSACTIONS 
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TRANSACTIONS OF. THE 


ELECTRIC 
HEATING 
BRAND ELEMENTS 


ENTIRELY SATISFACTORY KELLY REAMER 


EAMERS, dies and miscellaneous high-speed steel parts are heat 
treated this equipped furnace built Strong Carlisle 
Hammond. 
The Kelly Reamer People say: 
“We find that the operation this furnace has been entirely satis- 
factory and are pleased with the results are obtaining.”’ 
This Company been famous for the high quality its prod- 
ucts. They surely know the value dependable uniform heat—of 
continuity operation—of having electric heating elements which can 
replaced without shutting down even interfering with furnace 
operation. other words, they well know the value Globar Brand 
Non-Metallic Heating Elements. 
Glad have our Sales Engineers tell you more about Globar 


GLOBAR CORPORATION, NIAGARA FALLS, 


(A SUBSIDIARY OF THE CARBORUNDUM COMPANY) 
WILLIAMS WILSON, MONTREAL—TORONTO, CANADA 


STEINMETZ COMPANY, PHILADELPHIA 
ABRASIVE FRANCISCO AND LOS ANGELES 


Globar is the registered trade name given to non-metallic electrical heating and oo 
materials, and to other products of Globar Corporation, and is its exclusive property. 


When writing Globar Corporation, please mention TRANSACTIONS 
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ADVERTISING SECTION 


THE MOORE 
FATIGUE TESTING 
MACHINE 


and reliable machine for 
determining the life 
metals. Adaptable vari- 
ous shapes and sizes 
specimens. 


has proven its value 
the 
scores industrial cor- 
porations, government de- 
partments 
ties. 


Write for our pamphlet 
Fatigue Testing 


THE THOMPSON GRINDER COMPANY 
1534 West Main Street Springfield, Ohio 


SAL BAT] For All Purposes 
Range 275°F. 
Prices Are Incomparably Low 


Buy Direct from Specialists Annealing 
Baths for Steel and Copper Wire. 


EUROPEAN COLOR CHEMICAL CO. 


Serving the Metallurgical and 
Industry for more than 
Park Avenue 19th St. Weehawken, 


HANDLING 
EQUIPMENT 


ENGINEERS 


FABRICATORS 


When writing the above companies, please mention TRANSACTIONS 
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For Oil 

Gas-Fired 

Equipment 

and Cupolas 


Multistage Compressor 


recognized standard 


ECAUSE thousands these Because minor improvements are 
units have stood being made. Large 
years severe service. oversize ball bearings, with 
Because the Spencer Multistage special grease lubrication, are 
centrifugal design gives wide used the smaller sizes. 
clearances, minimum vibration Ask any oven furnace manu- 
and low operating costs. facturer write us. 


THE SPENCER TURBINE 


TURBO 


HARTFORD COMPRESSORS 


CONNECTICUT 


When writing Spencer Turbine Co., please mention TRANSACTIONS 
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ADVERTISING SECTION 


HARDTEM 
DIE BLOCKS 


Compa When against it— 
Vulcan Crucible Steel Co. 


Aliquippa, Pa. 


CAN HELP YOU 


you want improve your product ask about the following: 


Carburizing Compounds Furnace Cements 
Cyanide Compounds (for Metal Cleaners 
Pressed Steel Pots 


Kwick Kase (for 
cyaniding 

Lead Pot Carbon (for 
covering Lead Pots) 

Tempering Oils 


Platers Cleaners 

Enamel Stripper 

Detergents and Special 
Cleaners for all 


Tempering Salts (High purposes 
and Low Temperatures) Alloy Pots 
Sodium Cyanide (96-98%) Copper Zinc Cyanide 


Rubbing and Finishing Compounds for all lacquers 


PARK CHEMICAL COMPANY 


Metallurgical and Chemical Engineers 
DETROIT, MICH. 


When writing the above companies, please mention TRANSACTIONS 
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HINES 


REASONS FOR GREATER ACCURACY BRINELL HARDNESS DETER- 
MINATION SECURED WITH OUR TYPE POWER OPERATED 
BRINELL TESTING MACHINE, 

Elimination friction plungers. 

Elimination human element developing desired pressure. 

Dirt and dust proof. 

Free and frictionless pressure control. 

Speed load application arranged secure consistently accurate 
results. 

Simplicity construction and operation. 


Why They Will Accomplish Far More Tests than any Other Machine 
the Market. 

Can operated foot pedal, giving the operator free use both 

hands for inserting and removing specimens. 

Machine can mounted truck and moved from place place, 

saving necessary handling tons material. 

Can operated wherever light socket available connection 

the plant power line. 

Where large number specimens same kind are tested, 

work table can set allowing between specimen and ram 

has enough travel come down, make the impression, and 

return its home position. 

Number tests possible per hour, least 1000. 


have the exclusive sale the Southwark-Emery Universal 
Machine for Tensile, Compression and Testing, also 
Testers. 


STEEL CITY TESTING LABORATORY 


Livernois Ave. Detroit, Michigan 


When writing Steel City Testing Laboratory, please mention TRANSACTIONS 
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ADVERTISING SECTION 


Want 
Save Money 
Pickling? 


You can 
thru using 
FERRO 
PICKLE 
PILLS and 
PICTROL. 


Write for more 
information. 


The Bros. Co. 


Adrian, Michigan 


ELECTRIC 
TEMPERATURE 
with 

PATENTED 
ATMOSPHERIC CONTROL 


These furnaces for High Speed 
Steel Hardening are being Uni- 
versally adopted, because 
their definite standards 
economy and performance. 


for details 


American Electric Furnace Co. 


Von Hillern St. Boston, Mass. 


e 
at 
DENVER = = MILWAUKEE ST LOUIS WORCESTER 
E 
When writing the above companies, please mention TRANSACTIONS 


TRANSACTIONS THE 


Dear Bill:— 


For your protection, our Sheet Carburizing boxes are 
licensed under Henderson patent No. 1,270,519. This insures 
quality material and workmanship, backed our 
tation box makers. 


Actual experience has demonstrated that 
Wate boxes will give you real box value for your 
Box value means hours service. You are 
customer. are hundreds others. 


Yours 


Barre Pennsylvania 
121 
1857 
Baskets. 
When writing Pressed Steel Company, please mention TRAN SACTIONS 


ADVERTISING SECTION 


Modern 
Carburizers 


Best Test 


Carbon Tool Steels 


YELLOW LABEL 
GREEN LABEL 
BLACK LABEL 


are 
isures 


Cyanide 
All Grades 


repu- 
SHEFFIELD, ENGLAND 
‘or Lea aths 
Lite- 
Insulite— 
Carburizi 
tisfied JESSOP SONS, Prevents Carburizing 


NEW BOSTON 
121 Varick St. 163 High St. 

1857 Fulton St. 8116 Tireman Ave. 


Power-Operated 


and 


PRECISION 


BRINELL MACHINES 


Direct- 


Microscope with 


Instruments 


Depth Gauges 

Brinell Calibrator 
Impact Testing Machine 
Sheet Metal Tester 

Grinders 


Pittsburg Instrument Machine Co. 


1026 Reedsdale St., Pittsburgh, Pa. 


When writing the above companies, please mention TRANSACTIONS 
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NON BURNING 


CHAR 


CARBURIZING 
COMPOUND 


designed for rotary and 


Non Burning Char Compound does not 
continue burn when discharged into 
the air from carburizing temperatures. 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING 
INDIANAPOLIS, INDIANA 


When writing The Char Products Company, please mention TRANSACTIONS 
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METALLOGRAPHIC 


POLISHING 


New Standard 
Efficiency 


Polishing Machine that has set new stand- 
ard efficiency the polishing metal surfaces 
microscopic examination. THE CINCIN- 
NATI Metallographic Polishing Machine equip- 
ped with variable speed motor which gives 


range speeds between 300 and 3000 RPM. 


Smoothness operation—a feature that cannot 
secured machine having friction belt 
drive achieved with THE CINCINNATI Pol- 
can get absolutely scratch-free surface. There 
are friction disks slip—no excessive 
vibration noise—no splashing polishing ma- 


The bowl, dise and ring, together with all other 
mall parts are made cast bronze which resists 
corrosion and thus eliminates the danger rust 
particles interfering with the polishing. 


May had for alternating current, 110 220 
volts, cycles, phase direct current 115 
230 volts. 


ADVERTISING SECTION 


Write for Bulletin giving complete specifications 


Few Users 
THE CINCINNATI 
Metallographic Polishing 
Machine 


American Sheet Plate 
Co. 


Crucible 
America 


Steel 


Aluminum Company America 

Naval Aircraft Factory 

American Rolling Mill Company 

Carnegie Steel Company 

Federal Shipbuilding Dry 
Dock Company 


Department Mines, Ottawa, 
Canada 
Summerill Tubing Company 


The Cincinnati Electrical Tool 


CINCINNATI, OHIO 


When writing The Cincinnati Electrical Tool Co., please mention TRANSACTIONS 
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Rigid inspection makes every 
Ingersoll Milling Machine Company 
Rockford, Illinois, virtual 
TEMPERING for Homo Tempering. 
Helps Ingersoll Inspectors in- 
” sures correc ( eac ce 
“OK” Work each load—and accuracy control 
which guarantees exact duplication 
often desired—are the strong points 
the Homo ‘Tempering method 
Uniformity obtained means 
electrically heated air 
Homo Automatic Con 
trol. Cleanliness and operating sim- 
plicity are additional aids the pro- 
duction program machine builders 
and tool manufacturers. 


Send for Catalog 93-S 


Cutter blank and 
serted tooth cutter 
tempered the Homo 
Tempering Furnace. 
cularcutters position 


Miller. bee 


LEEDS NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 


PHILADELPHIA CLEVELAND CHICAGO 


When writing Leeds Northrup Company, please mention TRANSACTIONS 
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ADVERTISING SECTION 


INDEX ADVERTISEMENTS 
Electrothermic Corp. 
eny Steel Co. 
Cyanamid 
Electric Furnace 


Telephone and 
Lomb Optical 
Gossett Co. 
ld Refractories Co. 
Co. 
Lynch, 
izing Co. 
rundum 
Steel Co. 
Hardening Service 
Products Co. 
ro Steel Foundry Co. 
innati Electrical Tool 
nial Tron Works Co. 
lumbia Tool Steel » 
rborn Chemical 
iver-Harris Co. 
ric Furnace 
tro Sales Corp 
Chas. 
Color and Chemical 
irth-Sterling Steel Co. 
r Scientific Co. 
nery Mfg. Co. 
Gathmann Engineering 
General Alloys Co. 
General Electric X-Ray 
Globar Corp. 
Griscom- Russell 
Heppenstall Co. 
Hevi Duty Electric Co. .... 
Hoskins. Mig. Co. Opposite Title Pare 
International Nickel Co. 
nterstate Iron Steel 
ssop Sons, Inc., William 


wh 


Mfg. Co. 
Thermit Corp. 
hiana Products Corp. 
higan Steel Casting Co. 
idvale Co. 
ational Machinery Co. 
sen Testing Machine Co., Tinius 
Chemical Co. 
Steel Corp. Inside Front Cover 
tless Iron Corp. America 
rson Son, Joseph 
Instrument Manufacturing 
onds Steel Mills 
neer Turbine Co. 
City Testing Laboratory 
ng, Carlisle Hammond Co. 
Combustion Co. 
lish Crucible Steel 
ipson Grinder Co. 
ing Instrument Co. 
ken Steel Tube Co. 
t Co., Harold E. 
idium-Alloys Steel 
Corp. America 
kers, Ltd. 
lean Crucible Steel Co. 
iver Brothers Co. 
eling Mold Foundry Co. 
lock, Lovejoy & (oa. Inc. 
son-Maeulen Co. 
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Uniform 


assured with 


Die Casting 
life your 
couples depends 
the non-porous 
ture the tube. Our 
tubes are 
tight and cast with 
uniform wall thick- 
ness. 


Your instrument 
maker can supply you 
with “Nichrome” Die 
Cast tubes, made only 
the Driver-Harris 
Company. 


PYROMETER 


Protection Tubes 


When writing Driver-Harris Co., please mention TRANSACTIONS 
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HALCOMB 


Stainless 


Free Machining 


cuts like screw stock. can ground 
easily and takes fine polished finish. 


Corrosion Resistant 


Ordinary atmospheric conditions have 
effect F.M. 2—Halcomb Stainless. 
The Underwriters approve for pump 
shafts, the Automotive Industry for bolts, 
nuts and cap screws, and the army 
American golfers for golf club heads. 


Specify F.M. 2—Halcomb Stainless Iron 
—and join the ranks manufacturers 
who are saving machining costs and get- 
ting better finished product. 


HALCOMB STEEL COMPANY 


Main Office and Works 
SYRACUSE, 
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What 


LAVITE 


the ideal 
heating medium 


with 


Lavite 
Electric 
Furnaces 


will for 
your: 


provides them. 


ANNEALING: 


Where uniformity structure, 
from scaling and oxidation 
quality ‘product minimum cost 
desired, the Lavite Annealing 


TEMPERING: 


provide the speed and 
bath for the tempering essential 
for all hardened steel; the 
fire hazard and dirt oil baths; pro- 
vide material for the whole range 
steel tempering temperatures that 
not break down deteriorate, 
only one product 


Lavite. 


— 


HARDENING: 


increase production without sacri- 
ficing quality; eliminate warpage and 
distortion; treat one piece for excep- 
tional performance and then repro- 
duce this best treatment exactly all 
future pieces the reason for the de- 


mand for Carbon Lavite. 


For the difficult problems heating 
high steel 2300°F., the High 
Speed Lavite Electric Furnace gives 


method that controls the time and tem- 
perature absolutely that maximum 
performance from the’ pieces treated 
can obtained not only each piece 
ent dates. 
2000°F. 


The BELLIS HEAT 
TREATING CO. 
Branford 
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